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The aim of t h i s work w i l l be t o o f f e r a h i s t o r y of t h e course 
of development o f e x p l o s i v e agents i n t h e U n i t e d Kingdom between 1845 
and 1875o 
T h i s p e r i o d was chosen because a p r e l i m i n a r y survey of t h e 
l i t e r a t u r e i n d i c a t e d t h a t i t was between these years t h a t a l m o s t a l l 
of t h e new e x p l o s i v e compounds which were t o o f f e r a l t e r n a t i v e s t o 
the t r a d i t i o n a l b l a c k gunpowder were i n t r o d u c e d , , I n t h e e v e n t , t h e 
c h o i c e proved t o be soundo M a i n t a i n i n g t h e lower boundary a t about 
th e year 1845 proved t o bo a l i t t l e d i f f i c u l t because i t was f o u n d t o 
be necessary t o a l l o w a b r i e f t r e a t m e n t of a few i m p o r t a n t e a r l i e r 
e v e n t s i n o r d e r t o p r e s e n t a c l e a r p i c t u r e o f what was t o f o l l o w 0 
The c h o i c e of t h e upper l i m i t a t 1875 began as an a r b i t r a r y c h o i c e b u t 
was found t o mark a d i s t i n c t end t o what had been an e x t r a o r d i n a r y s p a te 
of d i s c o v e r y , i n v e n t i o n , and a p p l i c a t i o n , i n t h e use o f e x p l o s i v e s . 
As m i g h t be e x p e c t e d , t h e r a t e of f l o w i n t h e da t a i s f a r f r o m 
uniform,, W i t h i n t h e p e r i o d 1845 = 1875 t h e r e were t i m e s o f g r e a t 
e n t h u s i a s m , a c t i v i t y and p r o g r e s s , f o l l o w e d by l o n g y e a r s o f d i s c o u r a g e d 
quiescence,, T h i s has meant t h a t f o r some years t h e r e has been such a 
s u p e r a b u n d a n c e o f m a t e r i a l t h a t a s e l e c t i o n has been f o r c e d , w h i l e f o r 
o t h e r y e a r s t h e da t a i s so s c a r c e t h a t i t has been necessary t o do what 
c o u l d be done w i t h what came t o hand and t o m a i n t a i n c o n t i n u i t y as w e l l 
as c o u l d b e 0 I t s h o u l d , however, be s a i d t h a t t h e r e has t h r o u g h o u t t h e 
whole work been a c o n s c i o u s e f f o r t t o g i v e a balanced t r e a t m e n t t o each 
t o p i c a c c o r d i n g t o what was p e r c e i v e d t o be i t s r e l a t i v e i m p o r t a n c e 0 
Named e x p l o s i v e s w i l l be d i s c u s s e d i n a c h r o n o l o g i c a l o r d e r 0 
=2-
T h i s w i l l mean i n most cases f r o m t h e date o f t h e e x p l o s i v e ' s 
d i s c o v e r y ? though i n t h e case o f gunpowder i t w i l l mean f r o m a p o i n t 
o f s i g n i f i c a n t change i n i t s f o r m which came about a t t h e b e g i n n i n g of 
t h e n i n e t e e n t h c e n t u r y 0 Each e x p l o s i v e w i l l be t r e a t e d under t h e 
name i t was g i v e n when i t was b r o u g h t i n t o use i n t h e U n i t e d Kingdom., 
Some compounds s t a n d a p a r t as d i s t i n c t l i n e s o f development 
and a r e sometimes a s s o c i a t e d o n l y w i t h the names o f t h e i r i n v e n t o r s 0 
These, however, are few and they were a l m o s t always those e x p l o s i v e s 
which a t t r a c t e d l i t t l e and o f t e n s h o r t ~ l i v e d a t t e n t i o n , , Between t h e 
s u c c e s s f u l e x p l o s i v e s and t h e men who i n v e n t e d them and promoted t h e i r 
use, t h e r e was i n t e r a c t i o n and c o m p e t i t i o n . I t w i l l a l s o be shown 
t h a t t h e r e was o f t e n i n t e r d e p e n d e n c e s p r o g r e s s i n one branch of 
e x p l o s i v e s t e c h n o l o g y w a i t i n g upon advance i n other,. 
The p i n s marking o u t t h e c h r o n o l o g y of i n v e n t i o n and d i s c o v e r y 
w i l l be t h e dates g i v e n f o r the g r a n t i n g o f B r i t i s h p a t e n t p r o t e c t i o n , , 
P a t e n t s and t h e i r s p e c i f i c a t i o n are t o t h e h i s t o r y o f t e c h n o l o g y what 
t r e a t i e s and t h e i r terms a r e t o p o l i t i c a l h i s t o r y 0 But a p a t e n t 
d a t e i s e s t a b l i s h e d o n l y f o r a B r i t i s h p a t e n t and cannot o f t e n be used 
t o e s t a b l i s h an a b s o l u t e d a t e 0 The p r a c t i c e o f p u b l i s h i n g the d a t e , 
t h e number, and sometimes an o u t l i n e s p e c i f i c a t i o n , o f r e c e n t l y 
g r a n t e d p a t e n t s on t h e back pages o f t e c h n i c a l magazines has made i t 
p o s s i b l e t o t r a c k t h e p r o g r e s s o f i n v e n t i o n i n s i d e t h e U n i t e d Kingdom, 
The sources s t u d i e d f o r t h i s work have been f o r much the most 
p a r t , contemporaryp p r i n t e d , and p u b l i c , works; book« 9 c y c l o p a e d i a s , 
t e c h n i c a l d i c t i o n a r i e s , magazines and newspapers? j o u r n a l papers,, 
Uery many = most = o f t h e magazines and t h e a r t i c l e s i n the 
c y c l o p a e d i a s and d i c t i o n a r i e s a re by anonymous w r i t e r s , , U s u a l l y 
t h e y a r e s t o l e n p r o p e r t y b a d l y m e l t e d down = they a re p i e c e d t o g e t h e r 
f r o m many sources w i t h o u t g r e a t c a r e t o d i s g u i s e t h e f a c t o T h i s 
has proved sometimes t o be u s e f u l , , These paste-up a r t i c l e s p r o v i d e 
the m a n u s c r i p t f r a g m e n t s i n the h i s t o r y o f technology^, The paragraphs 
l i f t e d whole f r o m l o n g d e f u n c t and o f t e n u n c o l l e c t e d j o u r n a l s , sometimes 
f r o m f o r e i g n s o u r c e s , p r o v i d e l i n k i n g i n f o r m a t i o n s they show 
p a r t i c u l a r l y t h a t t h e l o n g a c c e p t e d date f o r a d i s c o v e r y can o f t e n be 
s e t back by months or even years when eve n t s on t h e C o n t i n e n t can be 
s t u d i e d . 
Newspaper a r t i c l e s and a r t i c l e s f r o m p o p u l a r magazines have been 
much c o n s u l t e d b u t l i t t l e used,. The f o c u s o f such m a t e r i a l i s upon 
the s p e c t a c u l a r = t h e f i r s t f l u s h o f e x c i t e m e n t a t t h e announcement o f 
an i n v e n t i o n , t h e h o r r o r o f a c c i d e n t a l e x p l o s i o n s . The main v a l u e o f 
t h i s k i n d of m a t e r i a l has been t o p l a c e p e r s o a a l i t i e s a t a g i v e n t i m e 
and place,, 
J o u r n a l p a p e r s , those p r i n t e d as 'Proceedings' o f t h i s or t h a t 
I n s t i t u t e or l e a r n e d s o c i e t y , have p r o v i d e d the s t r a n g e s t u n d e r p i n n i n g 
f o r t h i s work. These papers a r e signed,, They are a l s o l o n g , o f f e r i n g 
c u m u l a t i v e accounts of a l l t h a t had happened over a s t a t e d p e r i o d c They 
a r e i n f o r m e d and a u t h o r i t a t i v e 0 There i s i n a d d i t i o n a t t a c h e d t o these 
papers t h e r e c o r d o f a f t e r = - d i s c u s s i o n s , ! c o n v e r s a z i o t i e ! d u r i n g which the 
w r i t e r of t h e main paper was open t o h a v i n g h i s a s s e r t i o n s c h a l l e n g e d 
and h i s p a r t i z a n s t a n c e s attacked,, These p a r t i c u l a r l y have been 
i n v a l u a b l e , , 
Had t i m e and r e s o u r c e s p e r m i t t e d , i t i s c e r t a i n t h a t i t would 
have been p o s s i b l e t o have r e s e a r c h e d and w r i t t e n a h i s t o r y which was 
b o t h more e x t e n s i v e and more d e t a i l e d , , The m a t e r i a l e x i s t s and i t i s 
acc e s s i b l e , , N e v e r t h e l e s s , i t i s f e l t t h a t w i t h i n t h e bounds of t h i s 
t h e s i s w i l l be fo u n d an a c c u r a t e main o u t l i n e o f ev e n t s and much 
i n t e r e s t i n g and i l l u m i n a t i n g d e t a i l o 
„ 4 -
Method of o r g a n i s i n g t h e .Hanteriad 
The t i t l e s of t h e headings under which t h e m a t e r i a l f o r t h i s 
t h e s i s w i l l be t r e a t e d w i l l v a r y i n t h e i r w o r d i n g t o s u i t the t o p i c 
under d i s c u s s i o n , , But where t h e n a t u r e of the m a t e r i a l a l l o w s i t 
t h e broad sequence w i l l be t h e same,, That sequence i s g i v e n here i n 
an open o r d e r , as a s e t of sub-aims f o r the work. 
For each named e x p l o s i v e t a k e n as the s u b j e c t o f a c h a p t e r i n 
t h e work which f o l l o w s i t w i l l be a t t e m p t e d t o s = 
l o Locate t h e i n v e n t i o n or d i s c o v e r y as a c c u r a t e l y as can be 
t o a p r e c i s e date and place? where t h i s cannot be done, t o 
o f f e r a b e s t a p p r o x i m a t i o n based upon t h e i n f o r m a t i o n held? 
2o Give b r i e f b i o g r a p h i c a l i n f o r m a t i o n about t h e i n v e n t o r or 
d i s c o v e r e r , where t h i s i s n o t a l r e a d y common knowledge? 
3o P o i n t o u t any a t t e n d a n t c i r c u m s t a n c e s which c o u l d be h e l d t o 
have r e n d e r e d t h e c o n d i t i o n s f o r d i s c o v e r y e s p e c i a l l y 
f a v o u r a b l e ? 
4 0 O f f e r any i n f o r m a t i o n which c o u l d be used t o d i s p u t e ' t h e 
accepted primacy f o r t h e i n v e n t i o n o r d i s c o v e r y ! 
5, O u t l i n e where necessary t h e events which preceded t h e 
i n t r o d u c t i o n of t h e e x p l o s i v e i n t o t h e U n i t e d Kingdom? 
6 0 Give t h e B r i t i s h p a t e n t number and t h e d a t e f o r the g r a n t i n g 
of t h e p a t e n t , and f o r any subsequent p a t e n t s f o r t h e same 
i n v e n t i o n ? 
7 0 D e s c r i b e i n i t i a l a t t e m p t s t o promote the i n v e n t i o n i n the 
U n i t e d Kingdom? 
80 D e s c r i b e i n d e t a i l e a r l y methods o f manufacture and 
m a n u f a c t u r i n g machinery, t e s t i n g and use, p a c k a g i n g , 
s t o r a g e , h a n d l i n g , and t r a n s p o r t ? and the dangers and 
d i f f i c u l t i e s a s s o c i a t e d w i t h a l l of these? 
9o Suggest reasons f o r the d i s u s e or replacement of a t y p e of 
e x p l o s i v e 5 
10„ S t a t e ways i n which a g i v e n e x p l o s i v e might be c o n s i d e r e d t o 
be unique i n i t s t i m e or t o r e p r e s e n t a f i r s t example o f a 
compound h a v i n g c e r t a i n q u a l i t i e s , or b e i n g based upon 
c e r t a i n h i t h e r t o unused raw m a t e r i a l s 5 
l l o C o n t r i v e t o p r e s e n t an account which g i v e s t h e g r e a t e s t 
c l a r i t y c o n s i s t e n t w i t h t h e hnown f a c t s , and t o i l l u s t r a t e 
and s u p p o r t t h a t account w i t h a p t q u o t a t i o n f r o m contemporary 
s o u r c e s . 
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THESIS ABSTRACT 
Ho So CHILD 
H.Sco T h e s i s , Durham 
1 , GUNPOWDER 
Th i s c h a p t e r w i l l t r e a t of t h e t r a d i t i o n a l b l a c k gunpowder, 
th e s i m p l e m i x t u r e which was the o n l y e x p l o s i v e i n use b e f o r e 1846 0 
Only t h e h i s t o r y o f e a r l y modern gunpowder w i l l be c o n s i d e r e d ; 
1820 -1875 0 W i t h i n t h i s t o p i c w i l l a l s o be c o n s i d e r e d those b l a c k 
gunpowders which d i f f e r e d f r o m t h e s t a n d a r d a s s o c i a t e d w i t h powder 
made a c c o r d i n g t o a s e t f o r m u l a t i o n and method o f manufacture a t the 
Government m i l l o 
2, MERCURY FULMINATE 
I t w i l l be shown t h a t t h e d i s c o v e r y of t h i s compound, and t h e 
d e v i s i n g o f ways i n which i t c o u l d be used t o i n i t i a t e t h e f u l l 
p o t e n t i a l o f o t h e r e x p l o s i v e s , a r e key f a c t o r s i n the development o f 
modern e x p l o s i v e s t e c h n o l o g y 0 W i t h o u t mercury f u l m i n a t e or a 
s u b s t i t u t e f o r i t t h e r e c o u l d n o t have been n e a r l y so wide a r e p e r t o i r e 
o f t e c h n i q u e s i n t h e use of e x p l o s i v e s as t h e r e are t o d a y 0 
3„ BICj<F0Rp FUSE! 
W h i l e , s t r i c t l y speakdng, B i c k f o r d f u s e i s n o t an e x p l o s i v e , i t 
does r e p r e s e n t , l i k e mercury f u l m i n a t e , an e s s e n t i a l e n a b l i n g d e v i c e 
i n t h e a p p l i c a t i o n of a l l of t h e e x p l o s i v e s d i s c u s s e d * For t h i s 
r eason i t w i l l be t r e a t e d as an independent t o p i c i n t h e work, and one 
ha v i n g a b e a r i n g on what i s s a i d of the usjs o f e x p l o s i v e s t h r o u g h o u t 
t h e t h e s i s . 
4, CHLORATE EXPL0SIUE5 
The e x p l o s i v e s based upon p o t a s s i u m c h l o r a t e were p e r e n n i a l l y 
a t t r a c t i v e t o the amateur and t h e crank 5 t h e y were f r o m the b e g i n n i n g 
shunned by b o t h Governments and s e r i o u s m a n u f a c t u r e r s , More space 
has been devoted t o c h l o r a t e compounds i n the p o p u l a r magazines than 
t h e t r u e i m p o r t a n c e o f such compounds m e r i t s , 
5 0 GUI\l°C0TT0N 
Gun-cotton was t h e f i r s t h i g h e x p l o s i v e which c o u l d be made i n 
l a r g e q u a n t i t i e s , , I t was an e x p l o s i v e which a t t r a c t e d much s u p p o r t 
i n t h e U n i t e d Kingdom, The s t o r y o f g u n - c o t t o n i s p r i n c i p a l l y the 
s t o r y o f a s e a r c h f o r a s o l u t i o n t o what was i n r e a l i t y a s i m p l e 
mechanipal problem; f o r ' a means of e n s u r i n g t h e s t a b i l i t y o f the 
e x p l o s i v e by removing every t r a c e o f t h e n i t r a t i n g a c i d s , 
60 NITROGLYCERINE 
The use of n i t r o g l y c e r i n e was overshadowed by t h e c l o s e p a r a l l e l 
of i t s development w i t h t h a t of gun~cotton„ The two e x p l o s i v e s had 
s i m i l a r p r o p e r t i e s and were thus i n c o m p e t i t i o n , , L i k e g u n - c o t t o n , the 
use o f n i t r o g l y c e r i n e was under a v i r t u a l ban i n many European c o u n t r i e s 
f o r many y e a r s , f o l l o w i n g a number of s e r i o u s and a p p a r e n t l y spontaneous 
e x p l o s i o n s . Only t h e e x t r a o r d i n a r y power of t h i s e x p l o s i v e i n d u c e d a 
few workers t o p e r s e v e r e w i t h i t s use, and t o s e a r c h f o r some means of 
r e n d e r i n g i t s a f e , 
7 c tjWNAJMTJJ 
T h i s c o m p o s i t i o n r e p r e s e n t s a minor l i n e of development i n which 
a f a i l u r e t o f i n d a n on=hygroscopic and l e s s c o r r o s i v e ordnance 
gunpowder was by the use o f b a r i u m n i t r a t e t u r n e d t o good account by 
t h e d i s c o v e r y t h a t a m o d i f i e d f o r m c o u l d be used as a c i v i l i a n m i n i n g 
e x p l o s i v e which was u s e f u l because o f t h e g r a d u a l n e s s w i t h which i t 
g e n e r a t e d gases d u r i n g i t s c o n f l a g r a t i o n . 
B. SJgHULTZE. POWDER 
S c h u l t z e wood=-gunpowder was a development p a r a l l e l w i t h t h a t of 
g u n ~ c o t t o n . C l o s e l y a k i n t o g u n - c o t t o n i n i t s b a s i c c o m p o s i t i o n , i t 
d i f f e r e d f r o m i t o n l y i n t h e e x t r e m e l y i n v o l v e d processes used t o reduce 
wood p u l p t o c e l l u l o s e , , S c h u l t z e powder c o u l d be c o n s i d e r e d as an example 
of t h e k i n d of i n g e n u i t y which was l a t e r a p p l i e d t o ' e r s a t z ' p r o d u c t s . 
9 0 NEUMEYER'S GUNPOWDER 
Herr Neumeyer a l t e r e d t h e fo r m of modern gunpowder w i t h o u t g r e a t l y 
c h a n g i ng i t s composition,, The r e s u l t was a c u r i o u s t e c h n o l o g i c a l r e g r e s s i o n 
which was s h o r t = l i v e d b u t which d i d arouse e x t r a o r d i n a r y i n t e r e s t a t t h e t i m e . 
10o GALE'S GUNPOWDER 
Mr. Gale o f f e r e d a n o v e l t r e a t m e n t of o r d i n a r y gunpowder which was 
t o r e n d e r i t e n t i r e l y s a f e f r o m a c c i d e n t a l i g n i t i o n 0 
l l o DYNAMITE 
Nobel's 'Dynamite N o . l ' was the f i r s t a l l ~ r o u n d , p o w e r f u l , c i v i l i a n , 
h i g h e x p l o s i v e . I t was s t a b l e , i t was q u i t e cheap, i t was p l a s t i c 0 I t 
was a l s o p a t e n t e d and k e e n l y defended as such i n the c o u r t s . The s i m p l e 
e v e n t s s u r r o u n d i t s i n v e n t i o n as an i m p o r t a n t e v e n t i n t h e h i s t o r y o f 
t e c h n o l o g y are obscured by t h e f l u r r y of ev e n t s s u r r o u n d i n g i t s promotion,, 
Dynamite has been more t h e s u b j e c t o f s t u d i e s i n pure economic h i s t o r y t han 
i n t h e h i s t o r y o f technology,, The g e n e r a l use o f dynamite marks t h e end 
of an a c t i v e p e r i o d i n t h e development o f e x p l o s i v e s and the b e g i n n i n g of 
some t h i r t e e n y ears d u r i n g which c o n s o l i d a t i o n of e x i s t i n g t e c h n i q u e s was 
the main a c t i v i t y 0 
12o PICRIC_AC_ID_ANDTHE_PICRATES 
N e i t h e r p i c r i c a c i d nor t h e c l a s s o f p i c r i c e x p l o s i v e s d e r i v e d f r o m 
i t were amenable t o c i v i l i a n a p p l i c a t i o n , , A l l were e s s e n t i a l l y m i l i t a r y 
e x p l o s i v e s , s u i t e d p a r t i c u l a r l y , and i n p r a c t i c e almost e x c l u s i v e l y , t o 
use i n t h e b u r s t i n g charges of s h e l l s and t o r p e d o e s . 
„9„ 
N e v e r t h e l e s s , t he p i c r i c a c i d e x p l o s i v e s r e p r e s e n t an i m p o r t a n t 
advance i n t h e h i s t o r y of e x p l o s i v e s because they can be marked as 
th e f i r s t e x p l o s i v e s which u t i l i s e d a c o a l based raw m a t e r i a l , n o t 
one dependent upon a g r i c u l t u r a l r e s o u r c e s . 
13= SPRENGEL EXPLOSIVES 
The Sprengel e x p l o s i v e s a r e a n u l l c l a s s , an empty c e l l i n t h e 
c l a s s i f i c a t i o n o f B r i t i s h e x p l o s i v e s , , There i s a name and a l i s t , 
and an account of c e r t a i n e x p e r i m e n t a l f i n d i n g s , b u t t h e r e are no 
r e p r e s e n t a t i v e s , , The reason tor t h e i n c l u s i o n o f t h e ter m 'Sprengel 
e x p l o s i v e s ' w i t h i n t h e c l a s s i f i c a t i o n f o r m u l a t e d when t h e terms o f 
the E x p l o s i v e s Act of 1875 was drawn up w i l l be seen t o have come of 
causes p o l i t i c a l r a t h e r t h a n t e c h n o l o g i c a l , , A more a p t name would 
have been ' s o - c a l l e d Sprengel e x p l o s i v e s ' , o r , ' e x p l o s i v e s o f t h e 
'Sprengel t y p e ' . Herman S p r e n g e l ' s e x p e r i m e n t s were i m p o r t a n t f r o m a 
t h e o r e t i c a l s t a n d p o i n t r a t h e r t h a n a p r a c t i c a l one, 
14„ AMMONIUM NITRATE EXPLORES 
E x p l o s i v e s based upon ammonium n i t r a t e were known i n t h e UoK„ 
o n l y f r o m a few f o r e i g n sources d u r i n g t h e p e r i o d 1869=1875,, The 
p o t e n t i a l o f ammonium n i t r a t e had been known s i n c e a t l e a s t 1811, but 
i t s extreme a f f i n i t y f o r w a t e r made i t d i f f i c u l t t o use i n e x p l o s i v e 
compounds,, I t was l a t e r t o become an i m p o r t a n t o x i d i s i n g agento 
15 0 MINOR AND LIJXLE-KNOUJN ^ XPLOSIUES^ (Appendix I ) 
The c h a p t e r headed 'Minor and l i t t l e - k n o w n E x p l o s i v e s ' can 
r e p r e s e n t l i t t l e more t h a n an appendix o f m i s c e l l a n e o u s datao 
Some o f t h e e x p l o s i v e s r e c o r d e d c o u l d w e l l have been the s u b j e c t s o f 
whole c h a p t e r s i n t h e main work and were n o t so t r e a t e d o n l y f o r want 
of spaces; o t h e r s deserve no more mention now t h a n they r e c e i v e d when 
-10= 
they mere p a t e n t e d . The c o l l e c t i o n w i l l a t l e a s t show what was 
happening a t t h e edges of t h e mainstream o f a c t i v i t y , , 
16. CONCLUSION 
- 1 1 " 
CHAPTER 1 
GUNPOWDER 
Gunpowder i s t h e o l d e s t e x p l o s i v e , , U n t i l t h e s i x t i e s of the 
l a s t c e n t u r y i t was the o n l y e x p l o s i v e i n r e g u l a r use„ Other 
e x p l o s i v e s , n o t a b l y g u n = c o t t o n and n i t r o g l y c e r i n e , had been d i s c o v e r e d , 
manufactureds, and e x t e n s i v e l y t r i e d a t t h e end o f the e i g h t e e n f o r t i e s , 
b u t because i t had n o t been p o s s i b l e t o ensure t h e i r s t a b i l i t y t h e i r 
use had been l a r g e l y abandoned. 
Gunpowder remained i n e x t e n s i v e use t h r o u g h o u t and w e l l beyond 
the i n t r o d u c t i o n and t h e development of a l l t h e o t h e r e x p l o s i v e s which 
were d i s c o v e r e d a f t e r 1845, The use o f gunpowder d i m i n i s h e d o n l y 
where t h e s u b s t i t u t e was markedly s u p e r i o r f o r a p a r t i c u l a r task§ i n 
underwater work and i n h a r d - r o c k b l a s t i n g , , Where a cheap e x p l o s i v e 
was needed f o r g e n e r a l b l a s t i n g and t h e r e were no o t h e r s p e c i a l 
c o n d i t i o n s , such as t h e presence o f i n f l a m m a b l e gases, gunpowder 
r e t a i n e d i t s p o s i t i o n , , Where gunpowder was r e p l a c e d , i t s r e p l a c e m e n t , 
i n t h e developed c o u n t r i e s , owed more t o l e g i s l a t i o n t h a n t o any wish 
f o r a change on t h e p a r t o f the u s e r s . 
The t r a d i t i o n a l b l a c k gunpowder was a j l i j l i s h e d i n v e n t i o n , , There 
was l i t t l e room f o r improvement w i t h o u t a r a d i c a l change i n i t s 
n a t u r e 0 The gunpowder of 1900 d i f f e r e d v e r y l i t t l e i n d e e d f r o m t h a t 
of 1800, i n i t s c o n s t i t u t i o n , t h e mode of i t s m a n u f a c t u r e , i t s 
appearance, or i t s performance,, 
At t h e b e g i n n i n g of the n i n e t e e n t h c e n t u r y , gunpowder had a l r e a d y 
a l o n g h i s t o r y 0 I t i s t h e e x p l o s i v e o f f o l k l o r e . , Every c o u n t r y i n 
Europe has i n i t s l i t e r a t u r e a n a t i o n a l c l a i m a n t f o r t h e i n v e n t i o n , , 
I n everyday l i f e gunpowder fou n d a m u l t i t u d e o f minor uses. With the 
a d d i t i o n of more s u l p h u r i t was used as a f u m i g a n t ; i t was a pigment 
12= 
used f o r t a t t o o i n g ; a l i t t l e gunpowder was f l a s h e d o f f on a wound t o 
s t a u n c h b l e e d i n g ; the n i t r e i n i t was used t o c o o l f e v e r s , and as a 
m e d i c i n e f o r h o r s e s . 
Above a l l gunpowder was a v a i l a b l e . L i k e a l l weapon t e c h n o l o g y 
t h e use of gunpowder had s p r e a d w i t h g r e a t r a p i d i t y . I t was a v a i l a b l e 
because i t s presence i n a c o u n t r y was a s t r a t e g i c i m p e r a t i v e * The 
need t o have as good q u a l i t y of gunpowder as n e i g h b o u r i n g s t a t e s ensured 
c o n s t a n t r e s e a r c h and e x p e r i m e n t . The same i m p e r a t i v e s r e q u i r e d t h a t 
a l l a s p e c t s o f gunpowder s u p p l y = m a t e r i a l s , m a n u f a c t u r e , e x p o r t , 
i m p o r t , s t o r a g e , d i s t r i b u t i o n - were a m a t t e r o f S t a t e p o l i c y i n a l l 
European c o u n t r i e s . The need t o c o n t r o l gunpowder s u p p l i e s l e d e a r l y 
t o t h e s o t t i n g up o f s e c u l a r a d m i n i s t r a t i v e machinery,, 
The need f o r the q u a n t i t y p r o d u c t i o n o f gunpowder c a l l e d i n t o 
b e i n g a d a p t a t i o n s of e x i s t i n g machinery f o r i t s m a n u f a c t u r e . ' 
Knowledge o f the a t t e n d a n t t e c h n o l o g y , o f powered machinery, went w i t h 
the d i s s e m i n a t i o n of the knowledge o f gunpowder. 
On t h e n a t u r e of Gunpowder 
Gunpowder i s a mixture,, I t s c o n s t i t u e n t p a r t i c l e s o f s a l t p e t r e , 
c h a r c o a l and s u l p h u r , even were they ground t o g e t h e r w i t h t h e utmost 
c a r e , w o u l d ^ n e v e r t h e l e s s ? a p p e a r under a microscope as a c o l l e c t i o n o f 
w h i t e , b l a c k and y e l l o w f r a g m e n t s . 
The immediate cause o f t h e r a p i d b u r n i n g which t a k e s p l a c e 
between these f r a g m e n t s i s more of a mechanical phenomenon than a 
c h e m i c a l one. And i t i s because the events do n o t occur a t the 
d i r e c t l y m o l e c u l a r l e v e l t h a t an e m p i r i c a l , a n a i v e , a l m o s t , view of 
what t a k e s p l a c e when b l a c k gunpowder i s i g n i t e d can be o f f e r e d . 
A s i n g l e g r a i n o f gunpowder c o u l d be d e s c r i b e d as a c l o s e 
packed jDopjulatiojn of t h r e e q u i t e d i f f e r e n t k i n d s of p a r t i c l e or 
13' 
f r a g m e n t . I n d i v i d u a l l y , t he t h r e e c o n s t i t u e n t s w i l l burn or w i l l 
s u s t a i n b u r n i n g . But each has a d i f f e r e n t immediate r e a c t i o n t o h e a t ; 
s a l t p e t r e f u s e s and g i v e s o f f a l i t t l e of i t s oxygen? c h a r c o a l may 
be g i n t o glow; s u l p h u r w i l l m e l t , and i t w i l l g i v e o f f s u l p h u r d i o x i d e . 
These t h i n g s would happen whether t h e p a r t i c l e s were a few microns 
ac r o s s or each the s i z e o f a g o l f = b a l l ; though o n l y i n t h e former case 
might we r e a s o n a b l y e x p e c t t o see the b e g i n n i n g o f an e x p l o s i v e 
c o n f l a g r a t i o n . 
The b u r n i n g of gunpowder begins not w i t h a r e a c t i o n b u t w i t h an 
i n t e r a c t i o n . When a l o c a l i s e d s o u r c e of i n t e n s e heat (a r e d h o t poker 
was known t o be a more sure means o f t o u c h i n g o f f powder t h a n a lambent 
f l a m e ) comes i n t o c o n t a c t w i t h gunpowder i t a c t s , i n the f i r s t i n s t a n c e , 
upon a l l t h r e e o f t h e c o n s t i t u e n t s ; and a l l t h r e e r e a c t a c c o r d i n g t o 
t h e i r i n d i v i d u a l c h e m i c a l p r o p e r t i e s . I t i s the change i n d u c e d i n 
each o f the c o n s t i t u e n t s i n t h e presence of t h e p r o d u c t s o f each o t h e r ' s 
r e a c t i o n t o the heat which a l l o w s t h e i n i t i a t i o n of t h e m u t u a l l y 
a c c e l e r a t i n g i n t e r a c t i o n . The s u l p h u r m e l t s and g i v e s o f f s u l p h u r 
d i o x i d e ; i n t h e presence o f the d i o x i d e t he c h a r c o a l i g n i t e s a t a 
lo w e r t e m p e r a t u r e ; because t h e c h a r c o a l has i g n i t e d t h e g r e a t e r heat 
i t g e n e r a t e s induces t h e s a l t p e t r e t o beg i n t o g i v e o f f i t s oxygen, 
and so on. 
The r e a c t i o n may be between t h e p r o d u c t s of t h e h e a t i n g , b u t t h e 
i n t e r a c t i o n t a kes p l a c e on t h e p h y s i c a l s u r f a c e of t h e i n d i v i d u a l 
p a r t i c l e s . Under c e r t a i n c o n d i t i o n s the process might even be 
o b s e r v a b l e , 
Th^=d_i£c£Vj£^oJ[a_GLmpowder_ 
I t i s because gunpowder i s a m i x t u r e and n o t a compound t h a t i t 
was d i s c o v e r e d so very l o n g b e f o r e any o t h e r e x p l o s i v e . 
When t a k e n by w e i g h t , t h e s u l p h u r and the c h a r c o a l i n b l a c k 
e_d s ov£T _oJ[a_Gunponder
gunpowder r e p r e s e n t a v e r y much s m a l l e r p r o p o r t i o n of t h e m i x t u r e t h a n 
does t h e s a l t p e t r e , , T h i s i s n o t i m p o r t a n t i n gunpowder because 
p r o p o r t i o n by w e i g h t i s n o t c r u c i a l i n a mechanical m i x t u r e i n t h e way 
t h a t i t i s i n a c h e m i c a l compound. I t i s i n m o l e c u l a r c o m b i n a t i o n 
where t h e p r o p o r t i o n s by w e i g h t a re absolute,, To foreshadow a l i t t l e , 
t h e d i s c o v e r y of mercury f u l m i n a t e depended upon c e r t a i n compounds b e i n g 
b r o u g h t t o g e t h e r i n q u i t e p r e c i s e p r o p o r t i o n s , , The band w i t h i n which 
t h a t compound would have been p r e c i p i t a t e d i n a s t a t e pure enough f o r 
i t s u s e f u l p r o p e r t i e s t o have been d i s p l a y e d was narrow. I n gunpowder 
t h i s was n o t s o 0 
I n gunpowder m i x t u r e s i t i s merely a c o n v e n i e n t c o n v e n t i o n t o 
express t h a q u a n t i t i e s i n t h e r e c i p e = f o r i t i s n o t h i n g more - i n 
p r o p o r t i o n s by weight,, But i t i s t h e volume of the c o n s t i t u e n t s , t h e 
sheer numbers of the p a r t i c l e s p r e s e n t , each r e t a i n i n g i t s own c h e m i c a l 
i d e n t i t y u n t i l t h e i n s t a n t o f b u r n i n g , which i s of importance,, C h a r c o a l , 
p a r t i c u l a r l y , i s , w e i g h t f o r w e i g h t , much more b u l k y t h a n an equa.3 
q u a n t i t y o f e i t h e r s a l t p e t r e or s u l p h u r , and c o n s e q u e n t l y c o n t r i b u t e s 
more p a r t i c l e s t o t h e m i x t u r e = which i s why b l a c k gunpowder i s black„ 
The p r o p o r t i o n s of t h e c o n s t i t u e n t s i n a gunpowder may v a r y w i t h i n 
e x t r a o r d i n a r i l y wide l i m i t s w i t h o u t t h e r e b e i n g an a b s o l u t e l o s s of t h e 
a b i l i t y tD y i e l d an exp l o s i o n , , 
The e a r l y h i s t o r y o f gunpowder shows t h a t the p r o p o r t i o n s of t h e 
t h r e e c o n s t i t u e n t s used were g r e a t l y d i f f e r e n t from those which were 
f i n a l l y chosen f o r 'modern' gunpowder,, To t a k e j u s t one example 
f r o m many, and t h i s i s by no means t h e extreme case, t h e p r o p o r t i o n s 
g i v e n by N i c c o l o T a r t a g l i a i n 1546, which were quoted by Abraham Rees 
i n h i s Cycl£pedia of 1820, g i v e s the p r o p o r t i o n s 4 ; 1 s 1„ I f these 
# Rees's j ^ a n u f a b j u r i n g Indusj.r_y^ (l819"20)o 'A s e l e c t i o n f r o m the 
C y l o p a e d i a or U n i v e r s a l D i c t i o a r y of A r t s , Science and L i t e r a t u r e , , ' 
Edo A.R« Cossins, V o l o I I I , p„136 e t seq„ Published? David & Charle s 
R e p r i n t s ^ l$flQ-, 
p r o p o r t i o n s are c o n v e r t e d i n t o p e r c e n t a g e s , and t h e n compared w i t h 
t h e p e r c e n t a g e p r o p o r t i o n s g i v e n f o r B r i t i s h gunpowder o f the 
n i n e t e e n t h c e n t u r y , i t can be seen t h a t ; 
S a l t p e t r e 
75$ - 66066$ = 8„33$$ 8 033 / 75 x 100 = 11»11$ D i f f e r e n c e 
C h a r c o a l 
15$ - I6066 = 1.66$? I066 / 15 x 100 = 11„11$ D i f f e r e n c e 
S u l phur 
10$ = 16o66$ = 6o66$5 =6066 / 15 x 100 = -66066 D i f f e r e n c e 
T h i s w i d t h of range w i t h i n w h i c h a c o m p o s i t i o n can oary and 
s t i l l be i n d u c e d t o work as an e x p l o s i v e has an i m p l i c a t i o n f o r t h e 
p r o b a b i l i t y o f gunpowder b e i n g d i s c o v e r e d . 
Because even a s m a l l a d m i x t u r e of s u l p h u r and s a l t p e t r e w i t h 
c h a r c o a l , even of impure s a l t p e t r e and s u l p h u r , i s l i k e l y t o have 
a v i s i b l e e f f e c t when these are burned, even i f the e f f e c t i s o n l y a 
s l i g h t tendency t o throw o f f s p a r k s , the phenomenon i s a t t r a c t i v e Q 
And a s m a l l v a r i a t i o n i n t h e p r o p o r t i o n s o f e i t h e r the s a l t p e t r e or 
the s u l p h u r w i l l a l t e r t h e e f f e c t o Since s a l t p e t r e , a f t e r t h e 
u n i v e r s a l l y common c h a r c o a l , was t h e more p l e n t i f u l of t h e i n g r e d i e n t s 
the v a r i a t i o n was, t h e r e f o r e , l i ' k e l y t o have been i n a p r o f i t a b l e 
d i r e c t i o n 0 
The coming t o g e t h e r o f the t h r e e necessary c o n s t i t u e n t s was n o t 
ve r y g r e a t i m p r o b a b i l i t y 0 C h a r c o a l and saltpetre would have come 
t o g e t h e r wherever a f i r e was l i t on ground which had e f f l o r e s c e d a 
bloom of n i t r e c r y s t a l s under h o t sunshineo Sulphur when burned has 
j u s t those p r o p e r t i e s , an e e r i e b l u e f l a m e and a t h r o a t c a t c h i n g s m e l l 
which would have ensured t h a t i t passed from i t s few sources i n t o t h e 
st r e a m o f t r a d e a 
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The c o m b i n a t i o n i t s e l f may be u n i q u e . I t i s d i f f i c u l t t o 
suggest two substances o t h e r t h a n s u l p h u r and t h e n i t r a t e s of sodium 
or p o t a s s i u m which a re s t a b l e enough t o occur n a t i v e i n n a t u r e , and 
which w i l l when mixed w i t h c h a r c o a l g i v e r i s e t o a s i m i l a r e f f e c t . 
The d i s c o v e r y of gunpowder can be t h o u g h t o f as a case where 
some unknown d a b b l e r 'scooped t h e p o o l ' a l o n g an e n t i r e l i n e o f 
i n v e n t i o n t o c a r r y away t h e o n l y p r i z e which was t o be o f f e r e d f o r 
c e n t u r i e s a f t e r w a r d s . I t was p r e c i s e l y because gunpowder was t h e o n l y 
f o r t u i t o u s c o m b i n a t i o n o f the compounds = v i r t u a l l y t he o n l y compounds 
which would have s e r v e d - which d i d n o t r e q u i r e an a l t o g e t h e r more 
advanced c h e m i c a l t e c h n o l o g y f o r t h e i r p r o d u c t i o n , t h a t i t remained 
f o r so very l o n g as t h e o n l y e x p l o s i v e , , 
The P r o p o r t i o n s o f the C o n s t i t u e n t s used i n Gunpowder 
B r i t i s h gunpowder, f r o m a t l e a s t 1781 onward, was commonly made 
i n t h e p r o p o r t i o n s of 75 per c e n t o f s a l t p e t r e , 15 per c e n t o f c h a r c o a l 
and 10 per c e n t of s u l p h u r . T h i s p r o p o r t i o n was by w e i g h t , and i t was 
th e p r o p o r t i o n used t o compound gunpowder made f o r m i l i t a r y purposes 
particularly„ Thus, t h e f o r m u l a t i o n has s t o o d now f o r q u i t e two 
c e n t u r i e s w i t h o u t t h e r e h a v i n g been any need t o change i t . However, 
what has s u i t e d t h e B r i t i s h has n o t fo u n d e q u a l f a v o u r w i t h o t h e r 
n a t i o n s . The French were a t t a c h e d as f o n d l y t o t h e i r own r e c i p e of 
' s i x , as, as,' % ' S i X j ^ j a n e , one' 0 But t h e s m a l l v a r i a t i o n s i n the 
p r o p o r t i o n s used were n o t c o n s i d e r e d t o be of t h e g r e a t e s t i m p o r t a n c e , 
Abraham Rees ( c i t e d above) d i s p l a y s a commonsenso a t t i t u d e t o the 
problems 
THE HANUFACTURr IIP EXPLOSIVES, V o l , I , page 176, e t seq, OSCAR GUTTTON, 
Pub, W h i t t a k e r , London, 1895, 
•17. 
"What t h i s p r o p o r t i o n i s has been a s c e r t a i n e d by 
e x p e r i e n c e , and i t seems t o be g e n e r a l l y a greed, t h a t 
i n any q u a n t i t y of powder, t h r e e = f o u r t h s of i t s h o u l d 
be s a l t p e t r e , t h e r e m a i n i n g o n e ~ f o u r t h c o n s i s t i n g o f 
eq u a l q u a n t i t i e s of s u l p h u r and c h a r c o a l o T h i s i s the 
p r o p o r t i o n f o l l o w e d by t h e French, and by most n a t i o n s 
i n Europes we indeed p r e t e n d t o a g r e a t e r n i c e t y i n our 
p r o p o r t i o n s ; though i t i s a a i d , they do not g r e a t l y 
d i f f e r f rom what i s here mentioned; nor i s i t c e r t a i n 
t h a t they a r e p r e f e r a b l e ? t h i s , however, may be depended 
upon, t h a t no method of p r o v i n g powder, h i t h e r t o g e n e r a l l y 
p r a c t i s e d i n England, c o u l d a t a l l a s c e r t a i n the 
d i f f e r e n c e ; and o t h e r powders made w i t h t h e p r o p o r t i o n 
are n o t h i n g i n f e r i o r t o o u r s . " 
Gunpowder which was s p e c i f i c a l l y made t o be used f o r the 
purposes o f b l a s t i n g m i g h t be made w i t h a somewhat d i f f e r e n t 
f o r m u l a t i o n . , However, t h e knowledge t h a t t h i s was so may n o t have 
been so widespread as mi g h t be supposed. The p r o p o r t i o n s 75 ; 15 ; 10 
were so commonly p u b l i s h e d t h a t i t i s undesstandable t h a t even t h e 
w e l l ~ r e a d layman may n o t have known t h a t the c o m p o s i t i o n of m i n i n g 
powder was a l i t t l e d i f f e r e n t . The f a c t i s v e r y seldom a l l u d e d t o 
i n t h e j o u r n a l s . An u n e q u i v o c a l s t a t e m e n t o f the d i s t i n c t i o n s / i s 
•K-
g i v e n i n C u n d i l l ' s D i c t i o n a r y o f 1893; 
" B l a s t i n g powder and gunpowder are sometimes spoken o f by 
r e t a i l d e a l e r s as i f q u i t e d i f f e r e n t s u b s t a n c e s . They 
a r e , of c o u r s e , i d e n t i c a l , or r a t h e r b l a s t i n g powder i s 
s i m p l y a cheaper and i n f e r i o r c l a s s o f gunpowder. At 
the same t i m e D e s o r t i a u x " ( p , 6 0 0 ) , p o i n t s o u t t h a t n o t 
on l y i s a powder r i c h i n c h a r c o a l cheaper t h a n o r d i n a r y 
powder, b u t t h a t i t may be expected t o f u r n i s h a l a r g e r 
volume of gas when e x p l o d e d , and he quotes P i o b e r t i n 
s u p p o r t of h i s theory,, Hence f o r b l a s t i n g purposes, i t 
i s q u i t e p o s s i b l e t h a t a cheap powder, poor, c o m p a r a t i v e l y 
speaking i n s a l t p e t r e , may be e q u a l , or s u p e r i o r , t o one 
of the o r d i n a r y c o m p o s i t i o n , " 
The a d d i t i o n of s u l p h u r a t t h e expense of t h e p r o p o r t i o n of 
s a l t p e t r e was the p r a c t i c e i n t h e making of some m i n i n g powders a t 
* ADictionary„p_f E x p l o s i v e s by Major 3„P, C u n d i l l R,A,, H.FI.'s 
I n s p e c t o r o f E x p l o s i v e s , London, 1893, p<,190 
'"•esortiaux« t r a n s l a t i o n o f T r a i t e sur l a po_udre 9 les__corfJs^ 
e x p l o s i v e s ^ e t _ l a , pyrj3technie by Drs, D, Upmann and E, von Meyer, 
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l e a s t o I n t h e course of a d i s c u s s i o n on t h e a n a l y s i s of gunpowder 
which appeared i n The Engineer f o r 1 4 t h December 1866, t h e c o m p o s i t i o n 
o f m i n i n g powder i s g i v e n as '65 per c e n t s a l t p e t r e , 20 per c e n t s u l p h u r , 
15 per c e n t c h a r c o a l ' „ 
Black gunpowder was n o t an i d e a l m i n i n g e x p l o s i v e . Used under~ 
ground i t gave o f f much smoke which was n o t easy t o d i s s i p a t e w i t h t h e 
p r i m i t i v e v e n t i l a t i o n o f the t i m e ; i t was t o o s h a t t e r i n g i n i t s e f f e c t s 
upon t h e c o a l or s t o n e b e i n g b l a s t e d ; i t was t o o h o t i n i t s a c t i o n and 
tended t o i g n i t e e x p l o s i v e gases and d u s t s i n t h e mine 0 The a t t e m p t s 
t o m o d i f y and t o r e p l a c e b l a c k gunpowder used i n mines w i l l be 
d i s c u s s e d l a t e r i n t h i s w o r k 0 
Sulphur 
Sulphur i s t h e one c o n s t i t u e n t of gunpowder f o r which the l o c a t i o n 
o f s u p p l y was more or l e s s f i x e d . Sulphur f o r gunpowder - any 
European n a t i o n ' s gunpowder = was S i c i l i a n s u l p h u r . Throughout t h e 
n i n e t e e n t h c e n t u r y t h i s source o f s u p p l y was f i r m l y i n t h e hands o f 
B r i t i s h merchants. Uihat had been d e n i e d t o t h e French by the presence 
of Nelson's f r i g a t e s a t t h e b e g i n n i n g o f the c e n t u r y was t o be l a r g e l y 
c o n t r o l l e d by B r i t i s h c a p i t a l u n t i l a l m o s t t h e end o f the century,, 
L o u i s i a n a s u l p h u r was d i s c o v e r e d i n 1865, but no way was found f o r 
e x t r a c t i n g i t u n t i l t h e i n t r o d u c t i o n o f t h e Frasch process i n 1 8 9 1 0 
Some i d e a o f the o u t p u t of t h e S i c i l i a n r e f i n i n g k i l n s can be 
g a i n e d f r o m t h e i n f o r m a t i o n t h a t i n t h e year 1868 the q u a n t i t y of s e m i -
r e f i n e d s u l p h u r e x p o r t e d was 4,052,000 hundredweights (205852 tonnes),,* 
T h i s q u a n t i t y was a v a i l a b l e f o r a l l i m a g i n a b l e uses o f sulphur,. The 
a c t u a l demand f o r s u l p h u r which was t o be used s p e c i f i c a l l y f o r making 
gunpowder must have been q u i t e s m a l l 0 A hundred tonnes of r e f i n e d 
Wagner p . l 5 etes^. ^ ^ Q.WcW\l , WcL, 
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s u l p h u r w i l l make a thousand tonnes o f gunpowder. One s m a l l merchant 
steamer c o u l d c a r r y i n i t s h o l d s s u f f i c i e n t s u l p h u r t o make t h e gun= 
powder f o r a major campaign, A s t o c k p i l e of a few thousand tonnes 
would have seen a n a t i o n t h r o u g h a l o n g war. 
Sulphur a r r i v e d a t t h e m i l l s i n a s t a t e o f r e f i n e m e n t which 
a l l o w e d i t t o be used i n powder w i t h o u t f u r t h e r p r o c e s s i n g . However, 
a t Waltham Abbey where b e s t q u a l i t y gunpowder was made under government 
c o n t r a c t , s u l p h u r was passed t h r o u g h a secondary r e f i n i n g p r o c e s s . 
Both Wagner and Guttman g i v e i l l u s t r a t i o n s o f t h e same a p p a r a t u s 5 
Guttman d e s c r i b e s t h e p l a n t i l l u s t r a t e d i n h i s book as being t h a t 
employed a t Waltham Abbey, 
The a p p a r a t u s was s i m p l e , A c a s t — i r o n p o t over a f u r n a c e was 
f i l l e d w i t h t h e p a r t i a l l y r e f i n e d s u l p h u r . Leading from the p o t t h e r e 
was a f l u e w i t h two branches. By means o f a f l a p v a l v e , t h e vapours 
coming f r o m the heated p o t c o u l d be d i v e r t e d e i t h e r t o a l a r g e beehive 
dome or t o a s m a l l e r c a s t ~ i r o n condensing p o t . At lower t e m p e r a t u r e s 
the vapour was a l l o w e d t o go i n t o t h e beehive where t h e ' f l o w e r s of 
s u l p h u r ' was s u b l i m e d and condensed? a t t h e h i g h e r t e m p e r a t u r e s 
s u l p h u r was d i s t i l l e d over and d i v e r t e d t o t h e c a s t = i r o n r e c e i v e r , 
whoro i t c o u l d be tapped o f f i n t o moulds made o f wood. 
The f l o w e r s o f s u l p h u r f r o m t h e above process were s i m p l y used 
as 'grough' f o r t h e n e x t charge. 
Flowers o f s u l p h u r i s always s a i d t o have been c o n s i d e r e d un= 
s u i t a b l e f o r gunpowder making because o f the presence of s u l p h u r i c and 
s u l p h u r o u s a c i d s formed by o x i d a t i o n when the t i n y c r y s t a l s were 
s u b l i m e d i n t h e a i r o f t h e beehive dome. The presence of these a c i d s 
d i d n o t a f f e c t the a c t i o n of t h e gunpowder, i t i s r a t h e r t h a t gunpowder 
Handbook, o j l j ^ J j r c ^ c A ^ by Rudolf Wagner, Ph,D. ( p , 1 9 4 ) , 
fr.W, CrooWes, P u b , C h u r c h i l l , London, 1872, 
The j_f vianuf a c t u r e r s o f E x p l o s i v e ^ by Oscar Guttman ( p . 5 3 ) , London, 1895, 
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made w i t h f l o w e r s of s u l p h u r gave o f f a c i d vapours as a p r o d u c t o f i t s 
explosion,, Sulphur f o r government gunpowder was t e s t e d w i t h l i t m u s 
f o r a c i d i t y ; i t was r e q u i r e d t o g i v e a n e u t r a l i n d i c a t i o n . 
C h a r c o a l 
The d e s t r u c t i v e d i s t i l l a t i o n of o r g a n i c m a t e r i a l s o f many k i n d s 
was t h e s u b j e c t of much a t t e n t i o n d u r i n g the whole of t h e n i n e t e e n t h 
c e n t u r y . R e t o r t s p r a c t i c a l l y i d e n t i c a l w i t h those used f o r b u r n i n g 
gunpowder c h a r c o a l were used t o d i s t i l p r o d u c t s from bones, t r e e stumps, 
p e a t , s h a l e , and o t h e r cheap and abundant raw m a t e r i a l s . I n c r e a s e d i n 
s i z e , and g i v e n s u i t a b l e condensers and s c r u b b e r s , t h e c a s t = i r o n r e t o r t 
was t o be employed i n t h e making o f town=gas f r o m c o a l . 
The d i f f e r e n c e between t h e p r e p a r a t i o n o f a l l of t h e above 
mentioned p r o d u c t s and t h e p r e p a r a t i o n o f c h a r c o a l f o r gunpowder making 
l a y i n t h e e x c e p t i o n a l care t a k e n t o produce a good c l e a n , and above a l l , 
u n i f o r m , f i n i s h e d a r t i c l e . 
I n ordBr t o a c h i e v e a s a t i s f a c t o r y c h a r c o a l i t had been necessary 
t o f i n d an a l t e r n a t i v e t o t h e t r a d i t i o n a l p i t - f i r i n g method of c a r b o n i s i n g 
wood. Gunpowder made f r o m such c h a r c o a l was c a l l e d 'pit=gunpowder' and 
h e l d t o be f i t o n l y f o r making f i r e w o r k s . From t h e end o f t h e 
e i g h t e e n t h c e n t u r y onwards, c h a r c o a l f o r gunpowder was burned i n i r o n 
r e t o r t s . The i n v e n t o r o f the r e t o r t method of p r e p a r a t i o n was the 
Reverend R i c h a r d Watson, Watson, who was P r o f e s s o r o f Chemistry a t 
Cambridge, and who l a t e r became Bishop of L l a n d a f f , d e v i s e d the i r o n 
r e t o r t method, the ' c y l i n d e r ' method as i t came t o be c a l l e d , a t the 
•!H:-
Government's behest w i t h t h e exp r e s s i n t e n t i o n of i m p r o v i n g the s t r e n g t h 
E n g i n e e r i n g , 4 t h January 1878, p , l e t seg^. 
T r a n s a c t i o n s o f ^ e ^ c ^ ^ B n ^ _ S o c i e t y . V o l . X U I I 1 , 1937=38, pp,61=68, 
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of m i l i t a r y gunpowder by t h e use o f b e t t e r c h a r c o a l . The f i r s t k i l n s 
•if-
were b u i l t a t Hythe i n Kent d u r i n g 1778 0 
( i t i s remarked t h a t t h e date o f t h e i n t r o d u c t i o n o f 
' c y l i n d e r ' gunpowder by t h e B r i t i s h f o l l o w s c l o s e l y upon 
the a p p o i n t m e n t o f A„Lo L a v o i s i e r as s u p e r i n t e n d a n t o f the 
French s t a t e powder m i l l s and h i s achievement of a v e r y 
marked improvement i n t h e power of French gunpowder by the 
i n t r o d u c t i o n o f new methods f o r p u r i f y i n g s a l t p e t r e ) , 
Most accounts o f gunpowder manufacture i n c l u d e more or l e s s 
d e t a i l e d d e s c r i p t i o n s of c h a r c o a l making. The changes which can be 
n o t e d i n t h e p l a n t i t s e l f a r e a g r a d u a l movement f r o m e a r l i e r a r r a n g e -
ments where t h e r e t o r t s had t o be heated by an o u t s i d e f u e l s u p p l y , t o 
d e s i g n s which a l l o w e d the gases d r i v e n o f f d u r i n g c a r b o n i s a t i o n t o be 
u t i l i s e d so f u l l y t h a t t h e k i l n was p r a c t i c a l l y s e l f - s u s t a i n i n g once 
i t had been s t a r t e d . 
K i l n s were o p e r a t e d c o n t i n u o u s l y d u r i n g the e n t i r e s i x days o f 
t h e w o r k i n g week. I t i s n o t , t h e r e f o r e , s u r p r i s i n g t h a t t h e l i f e of 
the p l a n t , c a s t - i r o n c y l i n d e r s and b r i c k w o r k , was seldom above t h r e e 
y e a r s . T h i s a l l o w e d i n n o v a t i o n s t o be i n t r o d u c e d q u i c k l y 0 
A v e r y d e t a i l e d d e s c r i p t i o n o f t y p i c a l k i l n s i s g i v e n i n a 
paper, "l\)o 0 1,519 = 'On an Economical Method of M a n u f a c t u r i n g 
C h a r c o a l f o r Gunjjowder,' by George H a y c r a f t , F,C,S„, Assoc, I n s t , CE,, 
which was p r i n t e d i n t h e Proceedings o f t h e I n s t i t u t i o n o f C i v i l 
EjTQiirieerin£, V o l , L, of 2 9 t h Hay 1877 0 The paper i s concerned w i t h 
the i n t r o d u c t i o n o f n£w c h a r c o a l r e t o r t s , b u t t h e d i s c u s s i o n a t the 
b e g i n n i n g and a t the end of t h e paper c o n s i d e r s p l a n t w h i c h had 
f o r m e r l y been i n use. I t w i l l be u s e f u l t o quote sowe p a r t s o f t h i s 
paper % 
Oscar Guttman, i n The Manufacture of E x p l o s i v e s , g i v e s t h i s date 
as 1797, n o t 1787. I n t h i s he i s p r o b a b l y i n e r r o r , 
"""""" L/^QIS_IER_, 3,Ao COCHRANE, ( C o n s t a b l e , 1931), p,46, et.se£, 
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"The f i r s t method i s p r a c t i s e d a t Her M a j e s t y ' s Royal 
Gunpowder F a c t o r y a t Waltham Abbey 0 The r e t o r t s , or 
c y l i n d e r s , as they a r e t e c h n i c a l l y c a l l e d , are o f c a s t i r o n , 
about 2 f e e t 6 i n c h e s ( 7 6 0 2 cm.) i n d i a m e t e r , and 3 f e e t 
6 i n c h e s (1D1„6 cm.) l o n g . They are s e t i n b r i c k w o r k i n 
groups o f t h r e e , s i d e by s i d e , so t h a t the heat of t h e 
f u r n a c e , which i s p l a c e d a t t h e end, may p l a y a l l around 
them b e f o r e e n t e r i n g t h e s t a c k . The e x t e r i o r of t h e 
c y l i n d e r s , or r e t o r t s , i s p r o t e c t e d from the d i r e c t a c t i o n 
of t h e f i r e , by a c a s i n g o f b r i c k w o r k or t i l e . Each c y l i n d e r 
i s p r o v i d e d a t the back;, on i t s upper s i d e , w i t h an o u t l e t p i p e 
f o r the escape o f the gases t o a lower h o r i z o n t a l p i p e behind 
t h e c y l i n d e r s , and common t o them a l l . To t h i s i s a t t a c h e d 
a n o t h e r h o r i z o n t a l p i p e , a t r i g h t a n g l e s , t o convey t h e gases 
i n t o t h e f u r n a c e f o r c o m b u s t i o n , Every c y l i n d e r has a t i g h t 
f i t t i n g door i n f r o m , f i r m l y f i x e d by a p o w e r f u l screw. I n 
. t h i s way t h e gases are c e r t a i n l y consumed? b u t the r e s u l t i n g 
heat i s d e s t r u c t i v e t o the f u r n a c e s and b r i c k w o r k . The o n l y 
m e r i t of t h e arrangement i s t h a t t h e gases are g o t r i d of i n 
t h e l e a s t o f f e n s i v e manner,»," 
"The t h i r d method, f o r m e r l y p r a c t i s e d a t t h e gunpowder 
worlls of Messrs, John H a l l and Sons, a t Faversham, d i f f e r s 
f r o m t h e o t h e r methods o n l y i n t h e mode of d e a l i n g w i t h t h e 
gases, which a r e conveyed a l o n g a s e r i e s of p i p e s , t h r o u g h 
t a n k s , i n and o u t o f wh.'.ch a c o n s t a n t s u p p l y o f c o l d water 
i s made t o f l o w , i n o r d e r t o e f f e c t t h r o u g h c o n d e n s a t i o n o f 
t h e gases i n t o t a r ,,, which a r e a l l o w e d t o r u n away i n t o the 
sea t o w a s t e 0 " 
The making of c h a r c o a l , even as l a t e as 1877, was s t i l l v e r y 
l a r g e l y an e m p i r i c a l p r o c e s s ; 
"With r e g a r d t o S i r W i l l i a m Armstrong's q u e s t i o n as t o 
t h e method of d e t e r m i n i n g when the c h a r c o a l was s u f f i c i e n t l y 
burned^ a man who was p r a c t i c a l l y a c q u a i n t e d w i t h t h e process 
opened a s m a l l door and l o o k e d i n t o t h e s u b = f l u e ; he c o u l d 
t h e r e see t h e b u r n i n g gases change c o l o u r ; when t h e y t u r n e d 
a deep v i o l e t t h e gases were n e a r l y e x p e l l e d , and i n a few 
minutes t h e c h a r c o a l would be r e a d y 0 I t was a m a t t e r o f 
judgement and e x p e r i e n c e , w h i c h , however, c o u l d be e a s i l y 
a t t a i n e d , " 
There was a wide v a r i e t y i n t h e q u a l i t i e s of c h a r c o a l made. 
The d i f f e r e n c e s were between c i v i l and m i l i t a r y gunpowders; and 
w i t h i n t h e c i v i l i a n gunpowders t h e r e was a v e r y wide range of q u a l i t i e s 
i n b o t h t h e c h a r c o a l used and i n t h e f i n i s h e d powder. 
" I n p r i v a t e powder works such as those a t Faversham, 
c h a r c o a l c o u l d be used which would n o t do f o r m i l i t a r y 
purposes , 0 0 where s e v e r a l d i f f e r e n t c l a s s e s of powder 
were made, i n c l u d i n g b l a s t i n g and common powders, i n f e r i o r 
c h a r c o a l c o u l d be employed ,„." 
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However, a t Faversham a t l e a s t , t h e r e was a lower l i m i t t o the 
q u a l i t y o f c h a r c o a l used. 
" I n t h e r e t o r t s a t Faversham no second q u a l i t y c h a r c o a l 
was produced, c o n s e q u e n t l y , f o r gunpowder of the l o w e s t t y p e 
( A f r i c a n ) c h a r c o a l f o r b e s t ordnance gunpowder was used." 
I n g e n e r a l , i t can be s a i d t h a t the c h a r c o a l f o r l a r g e g r a i n 
gunpowder was made fr o m b i l l e t s s p l i t f rom l o g s of b l a c k a l d e r and 
w h i t e Dutch w i l l o w , w h i l e the c h a r c o a l f o r the b e s t q u a l i t y o f 
s p o r t i n g gunpowders and f o r m i l i t a r y small=arms a c h a r c o a l was made 
fr o m c a r e f u l l y graded s a p l i n g s o f t h e bush, dogwoodo T h i s m a t e r i a l 
was n o t , however, always i n good supply,, 
f o r a f i r s t - c l a s s s t r o n g powder, the b l a c k dog—wood 
i s s a i d t o be b e s t , b u t i t s g r e a t c o s t l i n e s s p r e v e n t s i t s 
b e i n g l a r g e l y adopted." 
E n g i n e e r i n g , 4 t h Danuary 1S78, p„lo 
Where dogwood was n o t a v a i l a b l e , l i g h t l y c a r b o n i s e d w i l l o w 
branches seem t o have been an a c c e p t a b l e s u b s t i t u t e . 
(The c h o i c e o f dogwood fr o m among t h e many hundreds o f 
v a r i e t i e s o f woods g r o w i n g i n the B r i t i s h I s l e s i s remark-able,. 
The bush i s o n l y common i n some areas,, No r e c o r d of any 
e x t e n s i v e t r i a l s o f woods f o r c h a r c o a l makdng can be f o u n d 
b e f o r e the n i n e t e e n t h c e n t u r y 0 The use o f dogwood may have 
come about a f t e r l o n g y e a r s of t r i a l and e r r o r . The e x t e n t 
of t h e improvement o f f e r e d by the use of dogwood c h a r c o a l i s 
unce r t a i n . Where o n l y one p r o p e l l a n t i s a v a i l a b l e , the users 
are a p t t o have a keen p e r c e p t i o n o f s m a l l d i f f e r e n c e s i n 
p e r f o r m a n c e ) . 
Some i d e a o f t h e i m p o r t a n c e a t t a c h e d t o t h e use o f the b e s t 
a v a i l a b l e wood f o r the mak-ing of m i l i t a r y powder can be gained from 
t h e i n f o r m a t i o n t h a t when the Government o f I n d i a r e c o n s t r u c t e d t h r e e 
of i t s own gunpowder m i l l s i n o r d e r t h a t they c o u l d more e f f i c i e n t l y 
supplement t h e Home s u p p l y , v e r y c a r e f u l c o n s i d e r a t i o n had t o be 
g i v e n t o t h e c h o i c e and t o t h e c e r t a i n t y of s u p p l y of a s u b s t i t u t e f o r 
dogwood; 
=24 
" I n a l l r e s p e c t s save one, t h e I s h a p o r e powder i s made 
fr o m the same m a t e r i a l s and i n the same way as a t Waltham 
Abbey, That e x c e p t i o n i s t h e c h a r c o a l . The dogwood, a l d e r , 
and w i l l o w used i n England are n o t p r o c u r a b l e here i n s u f f i c i e n t 
q u a n t i t i e s , though an e x p e r i m e n t a l p l a n t a t i o n o f the l a s t i s now 
bei n g l a i d o u t by C o l o n e l B o y l e , I n t h e i r p l a c e t h e s t a l k o f 
D h a l l r u s h , known as Urhun ( C y t s i s Cagan) i s used. T h i s i s a 
f a v o u r i t e : c r o p a l l over I n d i a , b u t the c h a r c o a l made f r o m i t 
has t h i s drawback, t h a t i t i s more a b s o r b e n t t h a n t h a t used a t 
Waltham Abbey, and i t i s f e a r e d t h a t the powder, though q u i t e 
as p u r e , w i l l n o t be so durable,„," 
The fianuf a c t u r e of Gunpowder i n I n d i a 
E n g i n e e r i n g 2 1 s t flay 1869, 
•-•;T|,TTIU. J I • i •— — i l i • n r f i ' 
The i d e a of u s i n g t h e s t a l k s or haulms o f p l a n t s grown f o r some 
o t h e r purpose was by no means n o v e l , Spanish and I t a l i a n gunpowders 
were commonly compounded fr o m c h a r c o a l s made f r o m burned hemp s t a l k s . 
The necessary d i f f e r e n c e s between c h a r c o a l made f o r p r o p e l l a n t 
gunpowders and c h a r c o a l made f o r b l a s t i n g powders were, f i r s t l y , t h a t 
t h e q u a n t i t y of r e s i d u e l e f t f r o m the b u r n i n g of the powder was c r u c i a l 
i n p r o p e l l a n t use, w h i l e i t was r e l a t i v e l y u n i m p o r t a n t i n b l a s t i n g ? 
s e c o n d l y , t h a t p r o p e l l a n t powder s h o u l d i g n i t e v e r y e a s i l y and s h o u l d 
burn w i t h g r e a t speed and r e g u l a r i t y , a g a i n , t h i s was of l e s s i m p o r t a n c e 
i n b l a s t i n g powder; t h i r d l y , t h a t because b l a s t i n g powder was used i n 
such huge amounts when compared w i t h t h e amount of p r o p e l l a n t powder 
expended, i t had t o be made as dieaply as c o u l d be. 
I n outward appearance c h a r c o a l i n t e n d e d f o r small=arms powder was 
s o f t and l i g h t , and c o u l d sometimes have a r e d d i s h c o l o u r owing t o i t s 
h a v i n g been o n l y l i g h t l y burned? c h a r c o a l which was t o be used f o r 
b l a s t i n g powder and 'pebble' powder f o r heavy ordnance was b l a c k , over= 
burned, and rang m e t a l l i c a l l y i f dropped upon a hard s u r f a c e . 
The use of j u n i p e r branches which were peeled b e f o r e b e i n g c h a r r e d 
i s noted f o r t h e powder m i l l s of t h e E n g l i s h Lake D i s t r i c t , The p l a n t 
was known l o c a l l y as ' s a v i n ' . I t cannot be s a i d w i t h any c e r t a i n t y 
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whether t h i s was used g r e a t l y , o r , indeed a t a l l , d u r i n g much- of the 
n i n e t e e n t h c e n t u r y 0 I t seems u n l i k e l y t o have been used t o make 
m i n i n g powder c h a r c o a l because t h e s u p p l y of s a v i n must have been l i m i t e d o 
S a l t p e t r e 
From a t l e a s t t h e m i d d l e of the s e v e n t e e n t h c e n t u r y , B r i t i s h 
s a l t p e t r e s u p p l i e s came e x c l u s i v e l y f r o m I n d i a , and was i n t h e hands 
o f t h e Honourable East I n d i a Company 0 This p l a c e d England i n an 
e n v i a b l e p o s i t i o n i n r e s p e c t of a sure s u p p l y of crude p o t a s s i u m n i t r a t e . 
A most comprehensive and d e t a i l e d d e s c r i p t i o n of the c o l l e c t i o n 
and p a r t i a l r e f i n e m e n t of s a l t p e t r e i n and around t h e I n d i a n p r o v i n c e 
o f B i h a r d u r i n g l a s t c e n t u r y i s g i v e n i n Chapter I V o f E x p l o s i v e s 
( V o l . I . H i s t o r y and M a n u f a c t u r e ) by A r t h u r M a r s h a l l , A.C.G.Io, F . I o C . , 
F o C S o , j " . & A. C h u r c h i l l , London, 1 9 1 7 „ N o t h i n g has been fo u n d i n the 
course of t h i s s t u d y which can supplement Mr. M a r s h a l l ' s work. 
E s s e n t i a l l y the same process f o r i n d u c i n g the f o r m a t i o n of 
n i t r a t e s as was u t i l i s e d i n I n d i a was employed i n Europe c The 
d i f f e r e n c e l a y i n the y i e l d o N i t r a t e s formed more q u i c k l y and perhaps 
more p l e n t i f u l l y under t r o p i c a l c o n d i t i o n s , , The p o s i t i o n of the r e s t 
o f Europe i n r e s p e c t of s a l t p e t r e p r o d u c t i o n i s summated s h o r t l y i n a 
book which was p u b l i s h e d towards the m i d d l e of the c e n t u r y ; 
"The process ( e x t r a c t i n g n i t r e from s t a b l e waste and wood 
ashes) was known t o and d e s c r i b e d by the c h e m i s t , Glauber,, I n 
P r u s s i a and i n Sweden the making of n i t r e has been c u l t i v a t e d as 
a p i e c e o f s t a t e p o l i c y , , The King o f P r u s s i a o b l i g e d h i s f a r m e r s 
t o b u i l d t h e i r f e n c e s o f n i t r e f o r m i n g m a t e r i a l s , w h i c h s a f t e r a 
few y e a r s , were t a k e n down and a p p r o p r i a t e d * I n Sweden, so 
c a r e f u l i s the Government on t h i s p o i n t , t h a t each farmer i s 
o b l i g e d a n n u a l l y t o f u r n i s h a c e r t a i n q u a n t i t y , which must be 
p a i d i n k i n d = t h e Government w i l l n o t compound f o r i t = t h i n k i n g 
t h a t by f o l l o w i n g such a course i t guards a g a i n s t t h e i n j u r i o u s 
consequences which might a r i s e d u r i n g a war, i f t h e s u p p l y o f 
n i t r e were drawn e x c l u s i v e l y f r o m abroad." 
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The GujTDOjjjder J^jLLls^_qf_Jjjg^^qfJLand^and_j^U£ness by Paul N. Wilson, 
0.B„Ef„, D.S.C.p M.AT, D . L „ 9 r i o I . C . E o , H o l e Recho 
££oce ejdinqs p_f_j.hg^ IMeu]Come_n_ S o c i e t y ( 1 9 6 2 ) 
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P r o j e c t i l e Weapons of liJar and 
E x p l o s i v e Compounds by 3ohn S c o f f e r n FLD,, 
London; Cook & W h i t l e y , 1852, p.43, 
E n g l i s h s a l t p e t r e may have been as i m p o r t a n t a s t r a t e g i c m a t e r i a l 
as E n g l i s h g o l d was d u r i n g t h e French wars a t t h e end o f the e i g h t e e n t h 
and t h e b e g i n n i n g o f the n i n e t e e n t h c e n t u r i e s . A c c o r d i n g t o Wagner; 
" I t may be noted t h a t t h i s i m p o r t a t i o n i s s t e a d i l y i n c r e a s i n g , 
t h e r e b e i n g , i n 1860, 16,460,300 k i l o s , , and 1868, 33,062,000 
k i l o s o f the s a l t b e i n g b r o u g h t i n t o England; and, indeed the 
p r o d u c t i o n of s a l t p e t r e f r o m n a t u r a l sources i n Europe i s now 
l i m i t e d t o a v e r y few and u n i m p o r t a n t l o c a l i t i e s , " 
S a l t p e t r e made 'by c o n v e r s i o n ' from C h i l e s a l t p e t r e was n o t used 
f o r gunpowder i n England, and t h e r e f o r e w i l l n o t concern us h e r e , 
Wagner a l s o d e a l s w i t h s e v e r a l o f these processes i n some d e t a i l . 
The R e f i n i n g o f Crude S a l t p e t r e 
The method d e v i s e d f o r t h e p u r i f i c a t i o n of crude s a l t p e t r e 
changed h a r d l y a t a l l between, a t t h e v e r y l e a s t , 1820 and 1914, 
D e s c r i p t i o n s o f both t h e a p p a r a t u s used and the processes c a r r i e d o u t 
agree c l o s e l y across the whole p e r i o d . The d i f f e r e n c e s are o n l y those 
of minor v a r i a t i o n s i n t h e c a p a c i t y of t h e v a t s and i n t h e t i m e a l l o w e d 
f o r each stage of t h e work. T h i s may be n o t h i n g more t h a n a r e f l e c t i o n 
o f t h e i n c r e a s i n g s c a l e of o p e r a t i o n s as m i l l s became f e w e r , and l a r g e r . 
The system was s i m p l e , being based upon the knowledge t h a t n i t r e 
i s more s o l u b l e i n h o t water t h a n are the c o n t a m i n a t i n g s a l t s ; i n a 
c o o l i n g s a t u r a t e d s o l u t i o n of u n r e f i n e d s a l t p e t r e w i t h h o t w a t e r , the 
c h e m i c a l i m p u r i t i e s w i l l c r y s t a l l i s e o u t f i r s t and s i n k t o the bottom 
of t h e v a t . S e p a r a t i o n by d i f f e r e n t i a l c r y s t a l l i s a t i o n has l o n g been 
wi.dely used i n i n d u s t r i a l c h e m i s t r y . 
E a r l y accounts o f the process g i v e t h e percentage o f i m p u r i t i e s as 
Wagner ( p . 136) e_t _ssq, 
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be i n g as h i g h as 20 per c e n t ; l a t e r e s t i m a t e s have i t as low as 5 per 
cento T h i s may i n d i c a t e t h a t a d d i t i o n a l r e f i n i n g was c a r r i e d o u t i n 
I n d i a b e f o r e shipment i n o r d e r t o save on t h e c o s t o f f r e i g h t a g e -
The main i m p u r i t i e s were sand and o r g a n i c m a t t e r , and t h e 
c h l o r i d e s o f p o t a s s i u m , magnesium, and sodium- The p r o p o r t i o n s and 
v a r i e t y o f these i m p u r i t i e s i n a g i v e n consignment were no doubt 
d e t e r m i n e d by the p l a c e of o r i g i n , , 
The f o l l o w i n g i s g i v e n as a d e s c r i p t i o n o f the method used i n 
the r e f i n i n g o f p o t a s s i u m n i t r a t e f o r gunpowder making,, The aim has 
been t o w r i t e a d e s c r i p t i o n which i s c o n c i s e and g e n e r a l i s e d , one which 
r e f e r s t o no p a r t i c u l a r t i m e , and no p a r t i c u l a r works or m i l l , but which 
w i l l show how an a p p a r e n t l y p r i m i t i v e b u t c l e a r l y i n g e n i o u s method had 
been d i s c o v e r e d by which l a r g e q u a n t i t i e s o f s a l t p e t r e c o u l d be h i g h l y 
purified„ 
The y e l l o w = b r o w n c r y s t a l s of u n r e f i n e d 'grough', mixed w i t h about 
40 per c e n t of impure s a l t p e t r e r e s i d u e s f r o m p r e v i o u s b o i l i n g s , were 
d i s s o l v e d i n c o l d water which was i t s e l f a l s o charged w i t h some s a l t p e t r e 
f r o m i t s being used i n e a r l i e r p rocesses. There was thus always a con-
s i d e r a b l e f l o a t o f n i t r a t e r e t a i n e d w i t h i n t h e r e f i n i n g c y c l e - T h i s 
s h o u l d , however, be r e g a r d e d as a necessary p r i m i n g r a t h e r t h a n as an 
o u t r i g h t l o s s -
r e g a r d l e s s of t h e s i z e of the b o i l i n g capper being used, the 
p r o p o r t i o n a f water t o s a l t s w i t h which i t was wished t o b e g i n the 
process s t o o d a t about c66 of water t o one p a r t of u n r e f i n e d s a l t p e t r e -
N a t u r a l l y i t would have been a p p r e c i a t e d t h a t n o t t o have begun t h e 
b o i l i n g as c l o s e as c o u l d be t o t h e s a t u r a t i o n - p r e c i p i t a t i o n p o i n t 
of the i m p u r i t i e s would have meant a waste o f both f u e l and time i n 
the b o i l i n g o f f o f excess w a t e r . 
-28. 
Even though t h e l a r g e s t b o i l i n g copper c o u l d t a k e 2032 k i l o g r a m s 
of crude s a l t p e t r e , t h e o p e r a t i o n was e s s e n t i a l l y a hand-process 
throughout,, No i n s t r u m e n t s o f any k i n d , n o t even a thermometers, a re 
ever a l l u d e d t o 0 S a l t p e t r e r e f i n i n g must have depended e n t i r e l y upon 
t h e e x p e r i e n c e and i n s i g h t of t h e o p e r a t i v e t o a c h i e v e an optimum y i e l d 
of p r o p e r l y p u r i f i e d s a l t p e t r e f r o m each b o i l i n g , , T h i s i s n o t , however, 
t o say t h a t t h e l a r g e r m i l l s , f r o m t h e b e g i n n i n g of the c e n t u r y , d i d n o t 
employ q u a l i f i e d c h e m i s t s t o a n a l y s e the output,, 
A f t e r t h e s o l u t i o n had been a l l o w e d t o s t a n d o v e r n i g h t , a f i r e 
was l i t under the b o i l i n g copper, and w i t h i n about two hours the 
m i x t u r e was r a i s e d t o 30Q°F (149°C) a t which t e m p e r a t u r e t h e c r y s t a l s 
had d i s s o l v e d and t h e s o l u t i o n had begun t o b o i l a c t i v e l y , , 
I t was a t t h i s s t a g e t h a t any o r g a n i c m a t e r i a l was skimmed off„ 
E a r l i e r sources sometimes mention t h a t a h a n d f u l of g l u e s i z e was added 
t o t h e copper j u s t as t h e s o l u t i o n was about t o come t o t h e b o i l . The 
g l u e was t o a c t as a f i n i n g a g e n t , something t o cause f l o a t i n g i m p u r i t i e s 
t o s t i c k : t o g e t h e r so t h a t t h e y c o u l d more e a s i l y be c o l l e c t e d and 
skimmed c l e a r 0 Since t h i s p r a c t i c e i s not d e s c r i b e d i n l a t e r m a t e r i a l 
i t can be supposed t h a t i t was no l o n g e r necessary when the crude 
s a l t p e t r e came t o t h e m i l l w i t h a much s m a l l e r p r o p o r t i o n o f o r g a n i c 
i m p u r i t i e s t han before,, 
When t h e s o l u t i o n had been c l e a r e d o f scum, t h e s u r f a c e was 
showered w i t h c o l d water,, T h i s was done i n o r d e r t o cause any 
c h l o r i d e s h e l d w i t h i n t h e b o i l i n g a c t i o n a t the s u r f a c e t o s i n k . The 
f i r e was t h e n drawn f r o m under t h e copper, or was a l l o w e d t o go out„ 
W i t h i n an hour the t e m p e r a t u r e had f a l l e n t o 220° F„ (104.4° C). 
At t h i s t e m p e r a t u r e the c h l o r i d e s c r y s t a l l i s e d and were p r e c i p i t a t e d 
o u t on t o t h e bottom of t h e copper,, The n i t r a t e remained i n s o l u t i o n . 
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Using a s i p h o n or a handpump, and t a k i n g care n o t t o s t i r up 
the l a y e r of i m p u r i t i e s onto t h e bottom of t h e copper, t h e s t i l l 
c o o l i n g s o l u t i o n of s a l t p e t r e was r u n i n t o a s h a l l o w tank» From 
the t a n k t h e l i q u o r was t h e n r e l e a s e d t h r o u g h t a p s i n t o cone~shaped 
c r y s t a l l i s a t i o n t e m p e r a t u r e and the f i l t e r s had t o be k e p t c l e a r of 
s a l t p e t r e by h a v i n g h o t water f l u s h e d t h r o u g h them f r o m time t o t i m e 0 
A g a i n , t h i s w ater was r e t u r n e d t o a l a t e r b o i l i n g , , 
The l i q u o r , as i t was c i l l e d , coming f r o m the f i l t e r s was now 
r u n i n t o a second s h a l l o w copper c o o l i n g tank,, I n t h i s tank t h e 
l i q u o r , i n which t h e c r y s t a l s o f s a l t p e t r e were being formed q u i c k l y , 
was c o n s t a n t l y s t i r r e d w i t h a wooden ra k e t o p r e v e n t t h e f o r m a t i o n of 
l a r g e c r y s t a l s which c o u l d r e t a i n water i n c a v i t i e s , , 
S m all c r y s t a l s o f s a l t p e t r e , ' f l o u r of s a l t p e t r e ' , had then t o 
be scooped f r o m the tank and t h r o w n o n t o an i n c l i n e d s c r e e n w h i c h was 
covered w i t h f i n e copper mesho 
A f t e r being a l l o w e d t o d r a i n , t h e p u r i f i e d s a l t p e t r e was a g a i n 
washed. The most common p r a c t i c e was t o g i v e two t h o r o u g h showerings 
f o l l o w e d by a f i n a l immersion,, These l a s t washings gave s u c c e s s i v e l y 
lower r n t u r n s o f d i s s o l v e d n i t r o . The process h e r e , o f c o u r s e , 
depended upon the low s o l u b i l i t y o f p otassium n i t r a t e i n c o l d w a t e r . 
T h i s ended t h e p u r i f i c a t i o n o p e r a t i o n , , I f , however, t h e s a l t p e t r e 
was t o be s t o r e d , i t was s t o v e d t o dryness and k e p t i n stone t r o u g h s , 
or sometimes i n b a r r e l s c 
Some i d e a of j u s t how e f f i c i e n t t h i s process o f r e f i n e m e n t was can 
be gained f r o m a s t a t e m e n t made1 i n The Engineer f o r 2 9 t h February 1958, 
which i n t u r n quotes Messrs, Able and Bloxham's jjandbook of C h e m i s t r y , 
which a s s e r t s t h o t s a l t p e t r e c o n t a i n i n g o n l y one p a r t o f c h l o r i d e s i n 
f i l t e r s of Dowlas c l o t h o By t h a t t i m e the s o l u t i o n was c l o s e t o i t s 
Handb
Dowlas c l o t h i s a coarse l i n e n 
t o make t e a t o w e l S o 
i t i s nowadays used o n l y 
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t h r e e thousand was r e j e c t e d f o r use a t Waltham Abbey 0 
No i n f o r m a t i o n c o n c e r n i n g t h e p u r i t y of s a l t p e t r e used f o r 
b l a s t i n g powders can be o f f e r e d , , A l l t h a t can be suggested i s t h a t 
s i n c e t h e p u r i f i c a t i o n o f s a l t p e t r e l o o k s t o have been a s i m p l e and 
cheap process t h e r e would have been l i t t l e t o be gained and much 
g o o d w i l l t o have been l o s t by h o l d i n g s h o r t on any p a r t of i t c 
The I n i t i a l P r e p a r a t i o n o f S a l t p e t r e , Sulphur and Cha r c o a l 
Before being b r o u g h t t o g e t h e r to make gunpowder, the i n d i v i d u a l 
c o n s t i t u e n t s were reduced t o an i n t e r m e d i a t e f i n e n e s s i n o r d e r t o 
a c h i e v e an even d i s t r i b u t i o n o f each when they were mixed,, 
S a l t p e t r e coming d i r e c t l y f r o m the r e f i n e r s r e q u i r e d no g r i n d i n g 
s i n c e i t was a l r e a d y i n t h e f o r m o f a ' f l o u r ' o f minute c r y s t a l s , , 
S a l t p e t r e which had s t o o d i n s t o r e a w h i l e tended t o compact or t o re = 
c r y s t a l l i s e i n t o l a r g e r c r y s t a l s , , When t h i s was so, t h e s a l t p e t r e was 
ground l i g h t l y i n a s m a l l r o t a t i n g m i l l , s i m i l a r t o the l a r g e r m i l l s 
used t o i n c o r p o r a t e the mixed powder,. 
S u l p h u r , being somewhat harder than s a l t p e t r e , was ground i n t h e 
same way as s a l t p e t r e , b u t was ground f o r a l o n g e r time,, 
C h a r c o a l was r e q u i r e d t o s t a n d f o r about a f o r t n i g h t a f t e r i t 
had been made because i t was b e l i e v e d t o be prone t o t a k e f i r e 
s p o n t a n e o u s l y by a b s o r b i n g oxygen from t h e a i r 0 The i n i t i a l g r i n d i n g 
of c h a r c o a l was done, i n some cases, i n a b a l l - m i l l , i n o t h e r s , l a t e r , 
i n a m i l l s i m i l a r i n d e s i g n t o a c o f f e e g r i n d e r (a cone-in~cone s e t w i t h 
keyed t e e t h and h a v i n g a means of a d j u s t i n g the space between the teeth)„ 
E q u a l l y , a f t e r g r i n d i n g , the powdered c h a r c o a l was k e p t i n s t o r e f o r 
about t e n days b e f o r e b e i n g usedo T h i s i n d i c a t e s t h a t a gunpowder 
maker would have had t o have had a c o n s i d e r a b l e q u a n t i t y o f c h a r c o a l i n 
r e s e r v e so l o n g as t h e m i l l was i n p r o d u c t i o n s 
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I n t h e case o f a l l t h r e e c o n s t i t u e n t s t h e powdered m a t e r i a l was 
r e q u i r e d t o pass t h r o u g h a s i e v e of t h i r t y — t w o meshes t o the i n c h -
Any p a r t i c l e which remained i n t h e s i e v e was r e t u r n e d f o r r e - g r i n d i n g 0 
The most commonly i l l u s t r a t e d f o r m of s i e v e was an i n c l i n e d and r e v o l v i n g 
c y l i n d e r o f w i r e mesh„ These machines were always encased i n a wooden 
c a b i n e t w i t h c l o s e f i t t i n g doors i n o r d e r t o p r e v e n t t h e escape of 
f l y i n g d u s t , 
Weighing-up 
The i n d i v i d u a l c o n s t i t u e n t s , t h e s a l t p e t r e , the c h a r c o a l , the 
s u l p h u r , were weighed w i t h g r e a t care i n t o i n d i v i d u a l l o t s , which when 
combined would g i v e a w e i g h t of e i t h e r 4 2 l b s 0 ( 1 9 Kg), o r , i n l a t e r 
y e a r s , of 50 lbs» ( 2 2 „ 7 K g ) 0 T h i s was done by w e i g h t w i t h s c a l e s 
r a t h e r than by t h e use o f volume measures which would c o n t a i n a known 
weighto Something of t h e unhandiness o f the I m p e r i a l system o f 
measurement can be seen i n the way t h e r e l a t i v e p r o p o r t i o n s were r e s o l v e d ? 
" O o o t h e p r o p o r t i o n s used a t Government m i l l s , Ualtham 
Abbey, and a l s o by o t h e r makers g e n e r a l l y ; = 
l b S o OZo drachms k i l o g r a m s 
S a l t p e t r e 3 1 8 0 1 4 o 3 0 
C h a r c o a l 6 4 1 3 2 o 8 6 
Sulphur 4 3 3 l o 0 7 
4 2 0 0 1 9 , 0 7 " 
The w e i g h t o f an i n d i v i d u a l l o t r e p r e s e n t e d a s i n g l e charge f o r 
t h e f o l l o w i n g o p e r a t i o n s o f m i x i n g and t h e n of i n c o r p o r a t i o n ^ , 
fj i x . i n - R 
I t was a t t h e p o i n t of m i x i n g t h a t a gunpowder came i n t o b e i n g . 
Uhen worked o u t i n t o t h e p r o p o r t i o n s 75 s 15s 10, these w e i g h t s 
w i l l be f o u n d t o be a l i t t l e d e f i c i e n t i n b o t h s u l p h u r and c h a r c o a l c 
DICXI0NARY_ DF_ EJ\!G I NEE RINJJ by E« & F»W, Spon, (Ed„ B y r n e ) , p. 1775, 1870„ 
The measure be i n g used was a v o i r d u p o i s , t h e r e f o r e t h e ' c a r r y ' 
was s i x t e e n drachms, and s i x t e e n ounces-
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The weighed=out m a t e r i a l s were mixed i n a copper drum., T h i s was n o t 
a b a l l - m i l l , however,, I t was a drum i n which t h e c o n s t i t u e n t s c o u l d 
be mixed; t h e r e was no f u r t h e r r e d u c t i o n i n the s i z e o f t h e p a r t i c l e s o 
D e s c r i p t i o n s of m i x i n g drums are c o n s i s t e n t ; 
" T h i s machine c o n s i s t s o f a h a l l o w drum of copper about 
2 f e e t ( 6 1 cm) wide by 3 f e e t ( 9 1 cm) i n d i a m e t e r , which i s 
made t o r B v o l v e a t t h i r t y ^ f i v e r e v o l u t i o n s per minute,, The 
b e a r i n g s of t h i s drum are h o l l o w , and a s h a f t passes t h r o u g h 
them, h a v i n g i n t h e i n t e r i o r of the drum an e i g h t — s i d e d boss 
or tube secured t o i t p i n t o t h i s a s e r i e s of arms or f l y e r s 
a re screwed, t h e r e b e i n g on one f a c e o f the octa g o n and s i x 
on t h e n e x t a l t e r n a t e l y , so t h a t t h e r e a r e f o r t y - f o u r f l y e r s 
a l t o g e t h e r , , They a r e made o f f l a t s e c t i o n , but f o r k e d a t the 
ends, and p r o v i d e d w i t h h o l e s t h r o u g h t h e i r f l a t s i d e s , and 
each one i s s e t a t a d i f f e r e n t a n g l e t o t h e next? t h e i r 
p o i n t s j u s t c l e a r t h e i n s i d e of the drum, and they r e v o l v e i n 
the o p p o s i t e d i r e c t i o n t o i t a t t h e r a t e o f s e v e n t y r e v o l u t i o n s 
per minute „„„ a f t e r t h e machine has been f i v e m inutes a t work 
they ( t h e i n g r e d i e n t s ) w i l l be found t o be t h o r o u g h l y mixed,," 
E n g i n e e r i n g , 1 8 t h January 1878, p„38„ 
When m i x i n g was completed t h e gunpowder was f i l l e d c a r e f u l l y i n t o 
bagso At t h i s s t a g e g r e a t c a r e was tak e n t o p r e v e n t t h e c o n s t i t u e n t s 
f r o m s e p a r a t i n g o u t a c c o r d i n g t o t h e i r respective w e i g h t s ; s a l t p e t r e , 
s u l p h u r , c h a r c o a l s A p p a r e n t l y t h e v i b r a t i o n f r o m machinery e s p e c i a l l y 
a f t e r t h e i n t r o d u c t i o n o f steam d r i v e n p l a n t c o u l d b r i n g about a 
r e m a r k a b l e degree of s e p a r a t i o n s 
j n c o r p o r a t i o n 
' I n c o r p o r a t i o n ' i s the te r m most o f t e n used t o d e s c r i b e the 
process o f g r i n d i n g the a l r e a d y w e l l mixed c o n s t i t u e n t s , , I t i s a t 
the g r i n d i n g s t a ge of manu f a c t u r e t h a t t he gunpowder c o u l d be s a i d t o 
pass beyond t h e s o r t of i n t e g r a t i o n which c o u l d be achi e v e d by any hand 
p r o c e s s , w i t h o u t e x t r a o r d i n a r y a p p l i c a t i o n , , 
The u n i v e r s a l p r a c t i c e i n B r i t i s h gunpowder m i l l s was t o employ 
r o t a t i n g m i l l s t o n e s . S t a m p - m i l l s had been used i n the e i g h t e e n t h 
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«• 
c e n t u r y b u t these were not used i n t h i s c o u n t r y a f i t e r 1772,, Ball-= 
m i l l s , drums c o n t a i n i n g b a l l s o f heavy wood, or non=-ferrous m e t a l , which 
reduced the powder by the t u m b l i n g a c t i o n of t h e b a l l s , were much used 
i n France and i n Germany,, 
The i n c o r p o r a t i n g m i l l s i n a gunpowder f a c t o r y must by a l o n g way 
have been t h e most ex p e n s i v e p a r t of the m a n u f a c t u r i n g p l a n t t o buy, t o 
m a i n t a i n , and t o powers i t would moreover have been necessary t o r e p l a c e 
the s t o n e s a t f r e q u e n t i n t e r v a l s . More t h a n any o t h e r p i e c e of p l a n t , 
e x c e p t perhaps t h e h y d r a u l i c p r e s s , the i n c o r p o r a t i n g m i l l c o u l d have 
been boughb-ins i d e n t i c a l m i l l s can be seen i n m a n u f a c t u r e r ' s c a t a l o g u e s 
of t h e p e r i o d , a d v e r t i s e d as b e i n g s u i t a b l e f o r m i l l i n g o c h r e , China-
c l a y , bones, and so o n 0 
I n d e s i g n , i n c o r p o r a t i n g m i l l s changed l i t t l e s i n t h e m a t e r i a l s 
o f which t h e y were c o n s t r u c t e d t h e r e was a p r o g r e s s i o n f r o m the use of 
wood and s t o n e , t h r o u g h t h e use of c e r t a i n m e t a l p a r t s , t o the use of 
m e t a l f o r a l l parts,, A s t e e l e n g r a v i n g which i l l u s t r a t e d an a r t i c l e 
on t h e Waltham Abbey M i l l s i n t h e I l l u s t r a t e d London News f o r 1 1 t h 
November 1854 shows an i n c o r p o r a t i n g m i l l which appears t o have stone 
m i l l s t o n e s ? t h e r e s t o f the c o n s t r u c t i o n i s c l e a r l y of wood, f o r i t 
shows t h e wedges and p i n s t h e n used t o h o l d such machinery together,, 
By 1878, and very p r o b a b l y f o r somectime b e f o r e t h a t , i n c o r p o r a t i n g 
m i l l s a re shown t o be o f all<=metal c o n s t r u c t i o n , f r e e = s t a n d i n g , and 
ready t o be connected t o t h e d r i v i n g bands of a remote s t a t i o n a r y steam 
engine,, 
M i n u t e l y d e t a i l e d d e s c r i p t i o n s of these l a t e r t y p e s of 
i n c o r p o r a t i n g m i l l s and t h e i r o p e r a t i o n are numerous i n the pages of 
such j o u r n a l s as E n g i n e e r i n g and The E n g i n e e r 0 Here, however, an 
*The Manufacture of E x p l o s i v e s by Oscar Guttman, Vol„I, p„17, London, 1895)„ 
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e a r l i e r d e s c r i p t i o n s , t a k e n f r o m the a r t i c l e i n The I l l u s t r a t e d London 
Neuj£ c i t e d above, w i l l be g i v e n because i t says more o f t h e work of 
the human o p e r a t i v e s w o r k i n g t h e m i l l t h a n i s u s u a l l y o f f e r e d ; 
"A p a i r of c i r c u l a r s t o n e s c a l l e d ' r u n n e r s 1 w e i g h i n g 
about t h r e e t o n s and a h a l f (3„56 t o n n e ) each s t e a d i l y and 
s l o w l y r o l l over t h e powder, which i s p l a c e d on the stone 
bed of the H i l l , s u r rounded by a huge wooden basins wooden 
s c r a p e r s f o l l o w t h e s t o n e s t o p r e v e n t t h e edges of t h e pan 
becoming clogged,, The powder i s p r e v i o u s l y dampened, as i t 
c o u l d n o t be s a f e l y ground i n i t s d r y s t a t e ; about seven 
p i n t s of w a t e r , c a l l e d h e r e , as by brewers, ' l i q u o r ' b eing 
added t o t h e charge of 42 l b s 0 d u r i n g the three<=and-a=half 
hours of i t s dangerous s o j o u r n i n t h i s m i l l 0 A l l p o s s i b l e 
c a r e i s t a k e n t o p r e v e n t a c c i d e n t s ! y e t f r o m t i m e t o t i m e 
these houses w i l l 'blow' as t h e workmen term it„ To 
o b v i a t e t h e chance of any i r r e g u l a r i t y i n a c l o c k , t h e w a t e r -
wheel which works two of these m i l l s 0 „ „ a l s o marks i t s 
r e v o l u t i o n on a d i a l , so t h a t the a t t e n d a n t can never be 
m i s t a k e n i n t h e t i m e t h a t t h e charge has been 'on' - a most 
i m p o r t a n t p o i n t , where the over g r i n d i n g of t o o d r y powder 
mi g h t produce a f e a r f u l r e s u l t , , The c h i e f cause of e x p l o s i o n 
has been a p o r t i o n of the woodwork o f t h e r o o f or m i l l becoming 
detached = such as a cog o f t h e wheel •= and f a l l i n g i n t o the 
pan, i t would n a t u r a l l y a c t as a k i n d of s k i d on one of the 
r u n n e r s , and produce an amount of tot, by f r i c t i o n , s u f f i c i e n t 
t o e xplode the whole mass of powder,, I n our e n g r a v i n g 0 „ „ 
s m a l l s e m i = c y l i n d r i c a l boxes are suspended under the a x l e s o f 
the r u n n e r s , the i r o n c o l l a r s h a v i n g a t t i m e s dropped i n t o t h e 
pan? i t seems s t r a n g e t h a t t h i s p r e c a u t i o n i s o f c o m p a r a t i v e l y 
r e c e n t i n t r o d u c t i o n , . The r i s k caused by each house c o n t a i n i n g 
a p a i r of M i l l s i s g r e a t l y d i m i n i s h e d by t h e e x p e d i e n t of h a v i n g 
a f l a t b o a r d , being suspended over each M i l l ; t h i s i s c a l l e d 
the 'blow~board', and i t i s t h e f i r s t t h i n g ibo move by t h e 
c o n c u s s i o n o f t h e a i r beneath i t 0 I t i s connected by w i r e s t o 
a c i s t e r n of w a t e r , i m m e d i a t e l y over the pan o f i t s f o l l o w M i l l ? 
i t s movement, t h e r e f o r e , causes t h e u p s e t t i n g of t h i s c i s t e r n , 
which i n s t a n t l y drowns t h e gunpowder i n such dangerous p r o x i m i t y , . 
The a t t e n d a n t s are as l i t t l e i n these M i l l s as p o s s i b l e ; t h e y ^ 
work i n watches of e i g h t hours each, and a t t h e p r e s e n t time 
these i n c o r p o r a t i n g - m i l l s t u r n c e a s e l e s s l y , e x c e p t f o r t h e 
renewal of the c h a r g e s , f r o m f o u r o ' c l o c k on Monday morning 
u n t i l l a t e on Saturday n i g h t o c o t h e powder t h u s i n c o r p o r a t e d 
i s i n hard f l a t lumps; and i t has now t o be reduced a g a i n t o 
d u s t o o o " 
I l l u s t r a t e d London News, 11th November 1854, p0W-7-
The ' p r e s e n t busy t i m e ' r e f e r r e d t o was occasioned by the s i e g e 
of Sebastopolo 
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g r e s s i n o ^ 
More t h a n a n y t h i n g e l s e i t i s t h e i n t r o d u c t i o n o f t h e p r a c t i c e 
of compressing t h e t h o r o u g h l y w e l l mixed gunpowder t a k e n from t h e 
i n c o r p o r a t i n g = m i l l i n t o a t r u l y hard cake by s u b j e c t i n g i t t o a 
p r e s s u r e o f about f o u r hundred pounds t o t h e square i n c h (137 Kg/sq 0cm) 
which marks the d i f f e r e n c e between the 'corned' gunpowder which had 
come i n t o use d u r i n g t h e s i x t e e n t h c e n t u r y and 'modern' gunpowder., 
Only Oscar Guttman g i v e s a date f o r t h e i n t r o d u c t i o n o f p r e s s i n g 
i n t o England; 1784 0 Ha does n o t , however, e f f e r any o t h e r i n f o r m a t i o n 
nor does he c i t e any a u t h o r i t y f o r h i s statement,, C e r t a i h l y t h e 
t e c h n i c a l means f o r e x e r t i n g a p r e s s u r e of f o u r hundred pounds per 
square i n c h — a t l e a s t over a s m a l l area = had been a v a i l a b l e s i n c e t h e 
e a r l y M i d d l e Ages, 
The o n l y method o f p r e s s i n g gunpowder used i n the U n i t e d Kingdom, 
f o r which d e s c r i p t i o n s can be f o u n d , was the h y d r a u l i c press,, Of t h e 
two o t h e r methods t h e r e i s no s p e c i f i c mention,, I t must be assumed 
t h a t one or b o t h of these was used b e f o r e the i n v e n t i o n of the h y d r a u l i c 
p r ess by Joseph Bramah i n 1795 0 The most l i k e l y of these two methods 
i s t h e screw-press,, The s c r e w ~ p r e s s , which s t i l l f i n d s some use i n 
workshops, where i t i s used f o r p r e s s i n g nut s h o r t runs nf s i m p l e m e t a l 
shapes, i s capable o f e x e r t i n g h i g h p r e s s u r e s , even when t u r n e d by a 
s i n g l e s t r o n g man u s i n g the l e v e r a g e o f t h e cross—beam,, A screw-press 
combined w i t h a r a t c h e t and l e v e r (a p a w l - p r e s s ) c o u l d e x e r t v i r t u a l l y 
any p r e s s u r e which c o u l d be e x e r t e d by a h y d r a u l i c p r e s s . 
The f o l l e r ^ p r e s s , which i n France was c o l l e d a l a j j i ^ n o i r ^ was 
e s s e n t i a l l y a p o w e r f u l 'mangle' i n t o which s l i g h t l y dampened powder was 
# The Manufactjjre_ o f ^ E x p l o s i v e s by Oscar Guttman, V / o l 0 I , (p„204)„London 91895„ 
B r i t i s h P a t e n t No,,2045 o f 1795„ 
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f e d , sandwiched between sheets of canvas,, T h i s method must n o t 
have been much i n f e r i o r t o t h e o t h e r s f o r compacting gunpowder 
e f f i c i e n t l y because i t was used on t h e C o n t i n e n t u n t i l t h e end o f 
the n i n e t e e n t h c e n t u r y 0 
The advantages which r e s u l t e d from the p r e s s i n g o f gunpowder 
were s e v e r a l . The o l d corned powder, and the f i n e un=corned powder 
which had preceded i t , had b o t h tended t o s e p a r a t e o u t i n t h e b a r r e l 
i n t o d i s t i n c t l a y e r s of t h e c o n s t i t u e n t s , a c c o r d i n g t o t h e i r r e s p e c t i v e 
w e i g h t s . The g r a i n s o f corned powder had been q u i t e s o f t . Unless 
g r e a t c a r e was t a k e n i n ramming home ch a r g e s , i n e i t h e r t h e b a r r e l of 
a gun or i n a s h o t - h o l e , t h e c o r n i n g o f the g r a i n s broke up. T h i s 
a l t e r e d t h e b u r n i n g c h a r a c t e r i s t i c s o f the powder a p p r e c i a b l y , 
e s p e c i a l l y i n t h e case of e m a i l arms. Pressed powder was l e s s 
s u s c e p t i b l e t o d e t e r i o r a t i o n t h r o u g h m o i s t u r e 0 G r a i n s of pressed 
powder were r e l a t i v e l y hard compared w i t h corned powder,, Crack-ed 
under the t h u m b n a i l a g r a i n of corned powder c o u l d be expected t o f a l l 
i n t o a f i n e powdery a g r a i n of pressed gunpowder under t h e same 
c o n d i t i o n s was more l i k e l y t o break up i n t o s m a l l , a n g u l a r fragments,, 
The use of pressed gunpowder o f f e r e d a l s o a much g r e a t e r degree 
of c o n t r o l over t h e r a t e n f b u r n i n g i n a charge. Small g r a i n s burn 
q u i c k l y ; l a r g e r g r a i n s burn more slowly,, 5 i n c e , as w i l l be i l l u s t r a t e d 
p r e s e n t l y , t h e process o f c o r n i n g had h a r d l y i n v o l v e d p r e s s u r e a t a l l , 
( i n d e e d , i f a n y t h i n g , corned powder c o u l d be s a i d t o have been con= 
s o l i d a t e d by i t s m o i s t u r e ) 9 t h e r e was l i k e l y t o have been an upper l i m i t 
t o t h e s i z e o f g r a i n which would cohere,, W i t h pressings, and the 
changes which c o u l d be made i n the p r o p o r t i o n s of t h e c o n s t i t u e n t s 9 and 
i n t h e q u a l i t y of t h e c h a r c o a l , a wide range of performance i n 
gunpowders became p o s s i b l e , 
Rees's Manuf actu_ring_ Indus t r y (1819=20), 
A S e l e c t i o n from the C y c l o p a e d i a or U n i v e r s a l D i c t i o n a r y of A r t s 9 
Sdience and L i t e r a t u r e ( o f Abraham Rees), Ed, A,R, Cos s i n s , V o l , I I I , 
P u b l i s h e d David & Charl e s R e p r i n t s . \W*\Q „ 
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But, n o t w i t h s t a n d i n g t h e many r e a l advantages which the 
i n t r o d u c t i o n o f t h e p r e s s i n g process b r o u g h t a b o u t , i t was s t i l l 
o n l y an improvement. There was n o t h i n g which pressed powder c o u l d 
do t h a t c o u l d not have been done a l m o s t as w e l l by corned gunpowder. 
T h i s was a f f i r m e d by Abraham Rees as l a t e as 1820; 
" T h i s o p e r a t i o n , w h i c h , however, i s n o t e s s e n t i a l t o 
t h e manufacture o f p e r f e c t gunpowder, and i s o n l y performed 
on account o f t h e convenience o f u s i n g i t i n g r a i n s 0.„ the 
s t i f f paste i s f i r s t pressed i n t o hard masses, these are p u t 
i n t o c i r c u l a r s i e v e s w i t h parchment 0«o p e r f o r a t e d w i t h holes 
of d i f f e r e n t s i z e s , and „„» connected w i t h a h o r i z o n t a l wheelo 
Each of t h e machines i s a l s o f u r n i s h e d w i t h a 'ru n n e r ' or 
o b l a t e s p h e r o i d o f l i g n u m v i t a e , which b e i n g s e t i n mot i o n by 
the a c t i o n o f the wheel squeezes the paste t h r o u g h the holes 
of t he parchment t h u s f o r m i n g g r a i n s of d i f f e r e n t s i z e s . The 
g r a i n s are th e n s e p a r a t e d f r o m the d u s t by s i e v e s of p r o g r e s s i v e . . 
The powder d e s c r i b e d by Rees was what would e a r l i e r have been 
c a l l e d 'corned' gunpowder,. Such a powder would, i t i s suggested, 
have been o f low d e n s i t y and t h u s v e r y q u i c k ~ b u r n i n g ; a powder f o r 
r i f l e or p i s t o l e 
( S i n c e t h e r e was u s a l l y a d e l a y between t h e f a c t s as they 
were r e p o r t e d and t h e f a c t s as they t r u l y were, and because 
t h i s i s u s u a l l y p a r t i c u l a r l y t h e case where c o m p i l e d works such 
as Rees's C y c l o p e d i a a r e concerned, i t c o u l d be t h a t corned 
powder o f t h e k i n d d e s c r i b e d above was n o t made l a t e r t h a n 
t h e v e r y e a r l y y e a r s o f the c e n t u r y 0 The o n l y reason why 
such powder would c o n t i n u e t o be made which can be o f f e r e d 
i s t h a t i t s low d e n s i t y would have made i t somewhat more easy 
t o i g n i t e w i t h t h e spa r k s f a l l i n g i n t o the pan of a f l i n t l o c k 0 
I t may have been made f o r a t i m e as a h a n d = f i n i s h e d l u x u r y 
gunpowder. The use o f the p e r c u s s i o n l o c k would have made 
even that use o f corned powder redundant),, 
The f o l l o w i n g i s a s h o r t d e s c r i p t i o n o f the p r e s s i n g stage of 
gunpowder m a n u f a c t u r e , as i t was c a r r i e d o u t a t t h e Government m i l l s 
a t Ualtham Abbey ( D e s c r i p t i o n s o f the p r a c t i c e a t t h i s s i n g l e m i l l 
outnumber by f a r those of any o t h e r , and are i n v a r i a b l y much more 
d e t a i l e d ) ; 
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"The meal i s pressed i n t o cake by an h y d r a u l i c p r e s s . 
The press~box used a t Waltham Abbey i s a v e r y s t r o n g oak box 
w i t h gun-metal frame, 2 f e e t 6 i n c h e s (76 cm,) s q u a r e , and 
2 f e e t 9 i n c h e s (84 cm,) deep, so c o n s t r u c t e d t h a t t h r e e o f 
t h e s i d e s can t u r n back on h i n g e s or be screwed f i r m l y 
t o g e t h e r i n t o a r i g i d box. I n c h a r g i n g t h e box i t i s l a i d 
on i t s s i d e , t h e t o p t e m p o r a r i l y c l o s e d by a b o a r d , w i t h o n l y 
the upper s i d e open, and a number o f copper or gun-metal 
p l a t e s 2 f e e t 5-§- i n c h e s (75 cm.) square are p l a c e d v e r t i c a l l y 
i n t h e box, spaces (depending upon t h e k i n d of powder r e q u i r e d ) 
b e i n g m a i n t a i n e d between them by means of two grooved gun=metal 
r a c k s , removed when the box i s f i l l e d , , About 800 l b s , (363 Kg,) 
o f mBal i s p u t i n t o t h e box, and rammed down u n i f o r m l y between 
the p l a t e s by means of wooden l a t h s 5 the r a c k s are w i t h d r a w n , 
t h e upper open s i d e of t h e box screwed down, the box t u r n e d up 
so t h a t the p l a t e s are i n a h o r i z o n t a l p o s i t i o n , and p l a c e d on 
t h e t a b l e of the press under t h e f i x e d press b l o c k . The pumps, 
which work t h e press i n a s e p a r a t e house, are s e t i n a c t i o n , and 
t h e box i s r a i s e d a g a i n s t t h e b l o c k u n t i l t h e powder has been 
compressed t o an e x t e n t c o r r e s p o n d i n g t o t h e d e n s i t y r e q u i r e d . 
The b l o c k i s a l l o w e d t o e n t e r the box a t a c e r t a i n measured 
d i s t a n c e , and t h i s means of j u d g i n g the p r e s s u r e i s p r e f e r r e d 
t o t h e i n d i c a t i o n s of t h e p r e s s u r e gauge on account of t h e 
v a r y i n g e l a s t i c i t y of t h e meal, v a r y i n g w i t h t h e amount o f 
m o i s t u r e i n t h e meal, and w i t h t h e s t a t e o f the atmosphere. 
A f t e r the charge has been compressed t o t h e r e q u i r e d e x t e n t 
(made known t o t h e men i n t h e pump-room by the edge o f the 
box b e i n g made t o u r i n g a b e l l ) , the p r e s s u r e i s m a i n t a i n e d 
f o r a few minutes'5 t h e box i s r e l e a s e d f r o m p r e s s u r e , 
removed, and unloaded.,," 
A D i c t i o n a r y of A p p l i e d Chemistry 
by T,E, Thorpe, B,Sc, ( V i c t , ) Ph,D, et,~, 
London, 1891, 
G r a n u l a t i o n or 'Corning' 
The l a m i n a r f r a g m e n t s t a k e n f r o m the p r e s s = p l a t e s w i t h the 
a i d o f copper c h i s e l s are most o f t e n d e s c r i b e d as h a v i n g a c o l o u r 
and hardness r e s e m b l i n g t h a t of dark s l a t e . O r d i n a r i l y , these 
f r a g m e n t s were broken up w i t h m a l l e t s i n t o p i e c e s about t h e s i z e of 
-ins-
a man's hand. Some accounts g i v e the s u r p r i s i n g i n f o r m a t i o n t h a t 
'"" The t j ^ g , f o r which gunpowder i s d e s c r i b e d as b e i n g under p r e s s u r e 
v a r i e s f r o m a few minutes t o two hours a c c o r d i n g t o t h e account 
c o n s u l t e d . The e a r l i e r accounts g e n e r a l l y quote l o n g e r p e r i o d s 0 
•SHS- E n g i n e e r i n g , 8 t h February 1878, p,96. 
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when press-cake was a l l o w e d t o s t a n d f o r two or t h r e e days, as i t 
sometimes was, i t hardened w i t h age so t h a t i t became d i f f i c u l t t o 
b r eak, 
G r a n u l a t i o n was t h e most dangerous p a r t of t h e whole o p e r a t i o n 
of making gunpowder, the q u a n t i t y o f d u s t g e n e r a t e d being g r e a t e r t h a n 
a t any o t h e r t i m e d u r i n g t h e e n t i r e p r o c e s s . I t was n o t p r a c t i c a b l e 
t o c a s e - i n machinery which had t o be under c o n s t a n t i n s p e c t i o n , , 
The c o r n i n g a p p a r a t u s used a t UJaltham Abbey and the l a r g e r 
p r i v a t e m i l l s , such as those o f Messrs, H a l l and Son a t Faversham, 
used machinery i n v e n t e d by S i r W i l l i a m Congreve ( o f r o c k e t fame) who 
took o u t h i s p a t e n t , B r i t i s h p a t e n t l\lo,3937, i n 1815„ T h i s machinery 
which c o n s i s t e d e s s e n t i a l l y o f a descending s e m e s o f t o o t h e d r o l l e r s 
made of gun-metal, w o r k i n g over a s e r i e s of s i e v e s , these s i e v e s a l s o 
b e i n g k e p t i n c o n s t a n t m o t i o n 0 The machinery broke down th e p r e s s -
cake i n t o p r o g r e s s i v e l y s m a l l e r and s m a l l e r p a r t i c l e s . The d e s i r e d 
s i z e s of p a r t i c l e c o u l d be t a k e n f r o m t h e a p p r o p r i a t e grade of s i e v e . 
S i n c e , a g a i n , l a t e r d e s c r i p t i o n s o f the c o n s t r u c t i o n and o p e r a t i o n 
of t h i s k i n d o f machinery are p l e n t i f u l , an e a r l i e r process w i l l be 
g i v e n as an example 0 T h i s was t h e g r a n u l a t i n g process as i t was 
c a r r i e d o u t a t the E l t e r w a t e r Gunpowder Works i n Cumberland i n 1878 0 
However, i t was, even a t t h a t d a t e , c o n s i d e r e d t o be somewhat o l d -
f a s h i o n e d o I t i s r e p r e s e n t a t i v e , perhaps, of the p l a n t and p r a c t i c e 
f o r making cheap grades of m i n i n g powder on a r e l a t i v e l y s m a l l s c a l e 5 
t h a t i s t o say on a s m a l l s c a l e r e l a t i v e t o , say, t h e Faversham 
Gunpowder Works„ 
"T h i s machine i n the c o r n i n g house, used f o r b r e a k i n g 
the press-cake i n t o g r a i n s , was one of the o l d - f a s h i o n e d 
c o r n i n g machines, c o n s i s t i n g of a frame of wood suspended 
f r o m the c e i l i n g , and made t o ..•ascilate by means of a 
p e r p e n d i c u l a r c r a c k p a s s i n g t h r o u g h t h e f l o o r , , I n t h i s 
machine a number of wooden s i e v e s l i n e d w i t h copper and 
c o n t a i n i n g p i e c e s o f press-cake and round b l o c k s of l_ignum 
v i t a e p l a c e d upon the frame a r e shaken v i o l e n t l y by t h e 
m o t i o n of t h e c r a n k , and the b l o c k s d a s h i n g about i n t h e 
s i e v e soon reduce the press-cake t o f r a g m e n t s and d u s t which 
soon pass t h r o u g h t h e s i e v e s t o the f l o o r 0 0 0 " 
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The reason f o r so p r i m i t i v e a machine b e i n g used a t so l a t e a 
d a t e was p r o b a b l y t h a t t he c o s t o f t h e more modern p l a n t was 
p r o h i b i t i v e , t h a t t he o l d p l a n t worked w e l l enough f o r the q u a l i t y 
o f t he powder i t was making. 
The p l a n t a t E l t e r w a t e r , as a t many of t h e o t h e r Lakeland m i l l s , 
was water d r i v e n . I t c o u l d t h u s w e l l have been t h e case t h a t t he 
power a v a i l a b l e f r o m t h e water wheels was n o t s u f f i c i e n t t o overcome 
the f r i c t i o n i n t h e gear t r a i n s which can be seen, i n i l l u s t r a t i o n s , 
t o have connected the r o l l e r s o f machines o f t h e Congreve t y p e t o g e t h e r . 
As w i t h t h e Congreve machine a l s o , the amount o f d u s t caused by 
the b r e a k i n g down o f press-cake was l a r g e , and t h e danger a t t h i s 
s t a g e o f manufacture must have been e q u a l l y g r e a t , Moreover, u n l e s s 
t h e r e was an o u t l e t f o r q u a n t i t i e s of v e r y f i n e g r a i n e d powder o f l o w 0 
b l a s t i n g , q u a l i t y , t h e p r o p o r t i o n of any m i l l - c h a r g e which needed t o be 
r e — p r e s s e d must have been a p p r e c i a b l e . 
The magazine The E n g l i s h Mechanic f o r flay 1856, i n a p o p u l a r 
a r t i c l e on gunpowder m a n u f a c t u r e , g i v e s some i d e a o f t h e al l o w a n c e s 
which had t o be made f o r such l o s s e s . I n o r d e r t o make one hundred 
pounds (45,4 Kg,) of f i n i s h e d gunpowder, ll\ l b s , (35 Kg,) o f s a l t p e t r e , 
l b s , (4,8 K g 0 ) of s u l p h u r , and 16 l b s , ( 7 0 2 6 Kg,) o f c h a r c o a l were 
needed. T h i s amounted t o 104 l b s , (47 Kg, ) , or t o a wastage o f about 
3 08 per c e n t . As might be supposed t h e l o s s o f c h a r c o a l was g r e a t e s t . 
One of t h e main changes i n p r a c t i c e b r o u g h t about by t h e E x p l o s i v e s Act 
of 1875 was t h e r e q u i r e m e n t t h a t gunpowder d u s t s h o u l d be swept from 
a l l s u r f a c e s i n s i d e t h e b r e a k i n g - u p rooms d a i l y Q 
P o l i s h i n g , D u s t i n q__ a nd _G_1 a z i n q 
The ' f o u l - g r a i n ' gunpowder coming from the s i e v e s of t h e 
g r a n u l a t i o n machiiae had f i r s t t o be f r e e d from d u s t . T h i s was done 
u s t i n g and G l a z i n g 
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by p a s s i n g i t t h r o u g h a d u s t i n g r e e l o A common d e s c r i p t i o n o f a 
d u s t i n g r e e l i s t h a t of a c y l i n d r i c a l , sometimes o c t a g o n a l , wooden 
framework, about e i g h t f e e t (243 cm 0) l o n g , and one and o n e - h a l f f e e t 
(46 cm„) i n d i a m e t e r , covered w i t h copper w i r e gauze of t w e n t y meshes 
t o t h e i n c h (2<,54 cm.), and s e t t o a s l i g h t i n c l i n e a l o n g i t s a x i s o f 
r o t a t i o n , , I n o r d e r t o c a t c h the shed d u s t the r e e l was e n c l o s e d i n a 
l i g h t wooden cover,, 
Powder was passed f r o m the h i g h end o f the r e e l t o the low 
c o n t i n u o u s l y o A s i n g l e passage a l o n g t h e r e e l , which was r o t a t i n g 
a t t h e r a t e of 40 r 0p.m. was s u f f i c i e n t t o c l e a r t h e f o u l - g r a i n of d u s t . 
The t e r m ' p o l i s h i n g ' does n o t a c c u r a t e l y d e s c r i b e t h e second p a r t 
of t h e f i n i s h i n g process,, I t i s t r u e t h a t the g r a i n s d i d t a k e on a 
p o l i s h , . But the o p e r a t i o n would be b e t t e r d e s c r i b e d as 'rounding ! 0 
G r a n u l a t i o n had produced n o t so much g r a i n s as a n g u l a r f r a g m e n t s -
these had t o be rounded o f f by b e i n g s u b j e c t e d t o a l i g h t degree o f 
mutual a t t r i t i o n , . 
A l l p o l i s h i n g machinery was based upon a r o t a t i n g c y l i n d e r of 
some kindo At i t s s i m p l e s t , a p o l i s h i n g drum might be l i t t l e more 
th a n a s i n g l e cask f i t t e d i n t e r n a l l y w i t h a few s q u a r e ~ s e c t i o n e d 
t u m b l i n g b a r s . The machinery a t t h e Government m i l l , or a t the l a r g e r 
c i v i l i a n m a n u f a c t o r i e s , may have been b u i l t w i t h more c a r e , and worked 
i n b a t t e r i e s , b u t i t was e s s e n t i a l l y of t h e same design,, 
Gunpowder g r a i n s had been p o l i s h e d b e f o r e the p r a c t i c e of 
p r e s s i n g and t h e subsequent b r e a k i n g down sta g e s of manufacture had 
been i n t r o d u c e d , , The process was w e l l t e s t e d . 
P o l i s h i n g was a slow p r o c e s s . Cheap b l a s t i n g powder was worked 
f o r o n l y a few h o u r s ; good q u a l i t y s p o r t i n g powder took f o u r to f i v e 
h o u r s , and c c u l d be g i v e n as much as t e n h o u r s , a t f o r t y = t w o r e v o l u t i o n s 
t o t h e minute,, The l o n g p o l i s h i n g a f f o r d e d t o s p o r t i n g powder gave i t 
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a g l a z e which was d e s c r i b e d as ' b r i l l i a n t ' 0 I f , however, i n the case 
of b l a s t i n g powder, i t was i n t e n d e d t o use g r a p h i t e t o enhance the 
g l a z e , i t was a t t h e end o f t h e p o l i s h i n g s t a g e t h a t i t was p u t i n t o 
t h e drum. The u s u a l amount was h a l f an ounce (2„84 gram) t o every 
hundred pounds of gunpowder. 
On t h e s u b j e c t o f t h e a d d i t i o n of g r a p h i t e t o gunpowder, a t h e o r y 
i s o f f e r e d h e r e . 
I t i s suggested t h a t t h e p r a c t i c e of ad d i n g g r a p h i t e t o l a r g e 
g r a i n e d m i n i n g gunpowder began i n t h e L a|< e D i s t r i c t gunpowder m i l l s . 
The p o l i s h i n g p a r t of the making of gunpowder i s , as we have seen, 
l e n g t h y 0 I t i s , t h e r e f o r e , c o s t l y i n terms o f n o t o n l y t i m e b u t of 
e n e r g y 0 A l l of t h e e a r l y machinery and much of t h e l a t e r machinery 
depended upon water-power. I n Summer t h e s u p p l y of water t o t h e water 
wheels was l i k e l y o f t e n t o have been u n r e l i a b l e . P o l i s h i n g i s a 
f i n i s h i n g processs i t i s d e s i r a b l e , even i n m i n i n g powder, b u t , and 
e s p e c i a l l y i n m i n i n g powder i t i s by no means e s s e n t i a l , , Where t h e r e 
was a need t o make a l a r g e q u a n t i t y o f powder i n some h a s t e , and where 
a t t h e same time t h 8 s u p p l y of m o t i v e powder was a n c e r t a i n , the p o l i s h i n g 
o f t h e g r a i n s i s l i k e l y t o have r e p r e s e n t e d a b o t t l e - n e c k i n production,. 
T h i s would have been p a r t i c u l a r l y t h e case a t a s m a l l m i l l where a l l of 
the machinery c o u l d n o t be worked a t t h e same t i m e . The need was t o 
ac h i e v e the same appearance w i t h o u t t h e same e x p e n d i t u r e of time and 
power. G r a p h i t e nodules occur i n B o r r o w d a l e 0 The a d d i t i o n of a l i t t l e 
g r a p h i t e may have begun as a sharp - b u t necessary - p r a c t i c e . I n t h a t 
t h e g r a p h i t e slowed t h e r a t e o f b u r n i n g i n t h e powder i t may not have 
been an a b s o l u t e fraud,, I t can be imagined t h a t t h e p r a c t i c e remained 
a s e c r e t w i t h i n the t r a d e f o r a very l o n g t i m e . 
A f t e r being p o l i s h e d , t h e gunpowder was passed once more t h r o u g h a 
d u s t i n g r e e l t o remove any f i n e d u s t formed d u r i n g the p o l i s h i n g , 
Oscar Guttman i n h i s l a t e r book, Twe^nty_ Years^ Pr_o_gr_ess_ in^Explosj^ves^, 
(p„8) 9 London 1912, expresses t h e o p i n i o n t h a t r e s i d u a l d u s t '„,„ 
a f f e c t s t h e q u a l i t y of the powder by c l o s i n g the p o r e s , ' (my i t a l i c s ) 0 
G r a p h i t e would have t h e same e f f e c t s i t i s a l s o r e l a t i v e l y i n e r t . 
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D r y i n g 
D r y i n g was t h e f i n a l , o p e r a t i o n i n t h e making of gunpowder 0 E a r l y 
accounts s t a t e s i m p l y t h a t t h e powder was spread i n s h a l l o w t r a y s s e t 
around a room i n which t h e r e was a 'gloom s t o v e ' 0 A gloom s t o v e was a 
l a r g e copper dome w i t h a f i r e b u r n i n g u n d e r n e a t h it„ The f i r e had no 
d i r e c t access t o t h e d r y i n g chamber; the heat passed t h r o u g h t h e s h e e t 
of c o p p e r 0 D r y i n g by t h i s method c o u l d take s e v e r a l days« 
L a t e r accounts g i v e much more d e t a i l e d d e s c r i p t i o n s , , Steam heated 
rooms came i n t o use a f t e r about (so f a r as can be d e t e r m i n e d ) 1860 o 
A t t h e h e i g h t o f t h e i r development, these were d o u b l e - g l a z e d rooms 
f i t t e d w i t h l a r g e b o r e , c a s t - i r o n , steam p i p e s 0 The gunpowder was s p r e a d 
i n wooden t r a y s w i t h canvas bottoms a t t h e r a t e o f about seven pounds 
(3„18 Kg.) w e i g h t t o t h e t r a y 0 The t r a y s are d e s c r i b e d as b e i n g of 
dimensions t h r e e f e e t (91„5 cm 0) by two f e e t s i x i n c h e s (76 crn<>) by 
one and o n e = q u a r t e r i n c h e s (3 cm„) deep 0 A s t o v i n g room c o u l d , i n 
about e i g h t e e n h o u r s , d r y t h e e q u i v a l e n t to f o r t y b a r r e l s o f powder. 
Where steam power was the prime mover i n a f a c t o r y t h e d r y i n g 
rooms may n o t have been a heavy charge because some of t h e waste steam 
fr o m t h e main b o i l e r c o u l d be used 0 
D r y i n g r e q u i r e d some c a r e . Too r a p i d a d r y i n g c o u l d cause the 
powder t o e f f l o r e s c e and l a r g e g r a i n s t o cracko 
D r y i n g always caused t h e powder t o shed r e s i d u a l d u s t 0 When 
d r y i n g was completed t h e powder was g i v e n a f i n a l pass t h r o u g h a 
d u s t i n g r e e l b e f o r e b e i n g p u t i n t o b a r r e l s 0 
f-lagazines^ Storjaqe and JiajldjlinQ^ 
Very l i t t l e m a t e r i a l which g i v e s much i n f o r m a t i o n about t h e 
s t o r a g e o f c i v i l i a n gunpowder can be o f f e r e d - I t i s almost as though 
once gunpowder had l e f t t h e maker's premises i t became j u s t a n o t h e r 
' a r t i c l e of commerce', a commodity t o be t r a n s p o r t e d w i t h o u t s p e c i a l 
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c o n s i d e r a t i o n . C e r t a i n l y t h i s appears t o have been t h e case w i t h t h e 
gunpowder which blew up on i t s passage a l o n g the Regent's Canal i n the 
g r e a t d i s a s t e r of 1874. 
"The cargo c o n s i s t e d of sugar and o t h e r m i s c e l l a n e o u s 
a r t i c l e s . . . and some two or t h r e e b a r r e l s of p e t r o l e u m and 
about f i v e tons of gunpowder. I t i s s t a t e d t o be common 
p r a c t i c e t o send gunpowder and p e t r o l e u m i n t h e same barge,, 
Host o f t h e gunpowder was i n b a r r e l s , b u t t h e r e was one box 
which was p r o b a b l y f i l l e d w i t h powder i n c a n i s t e r or i n 
f l a s k s . The powder was consig n e d by Messrs. Pigou and Wilkes 
t o C h e s t e r f i e l d f o r Codnor Park near N o t t i n g h a m , and was s e n t 
f o r b l a s t i n g purposes. I t had been manufactured a t t h e Waltham 
Abbey R i l l s a t Essex." 
The I l l u s t r a t e d London News, 
10 t h October 1874. p.350. 
I t was n o t o n l y t h e custom t o t r a n s p o r t gunpowder w i t h o t h e r 
goods b u t a l s o t o s t o r e i t w i t h them. The e n q u i r y which f o l l o w e d 
th e Great F i r e o f Newcastle i n 1854 was unable t o e s t a b l i s h t he cause 
of t h e tremendous e x p l o s i o n which f o l l o w e d upon t h e o u t b r e a k of the 
fire„ B r i e f l y , t h e r e was on t h e Gateshead s i d e o f t h e r i v e r Tyne a 
l a r g e warehouse, known as Bertram's Warehouse, which was used as a 
f r e e ( i . e . n o t a 'bonded' warehouse) by l o c a l merchants. The warehouse 
was d i v i d e d up i n t o f l a t s , t h a t i s t o say f l o o r s , and t h e f l a t s were 
a g a i n d i v i d e d up i n t o lock—ups<> The c o n t e n t s of any merchant's l o c k -
up were e n t i r e l y h i s own c o n c e r n . 
Accounts of t h e e x p l o s i o n are c o m p a t i b l e w i t h t h e presence of a 
l a r g e q u a n t i t y o f gunpowder. A cargo of one hundred and f o r t y tons 
( 1 4 2 0 2 4 t o n n e s ) of m i n i n g powder which had come i n t o t h e p o r t was n o t 
f u l l y accounted for° The t e s t i m o n y of t h e merchants who had r e n t e d 
th e l ock=ups was r a t h e r s o l i d l y a g a i n s t t h e r e h a v i n g ever been any 
gunpowder i n Bertram's Warehouse, b u t the p e r s i s t e n c e of t h e rumours 
t h a t powder had been s t o r e d t h e r e was so s t r o n g t h a t a s p e c i a l e n q u i r y 
A Record of th e Great J i r e _ _ o f Newcastle ( t o which i s p r e f i x e d a 
H i s t o r y of Newcastle) e t c . , G0 Routledge ( P u b o ) , London, 1855. 
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was i n s t i t u t e d . 
The example of t h e Newcastle F i r e shows t h a t i t was q u i t e 
p o s s i b l e f o r e x p l o s i v e s t o be s t o r e d more or l e s s anonymously w i t h 
thousands of tons o f o t h e r c o m m o d i t i e s , and c l o s e t o a busy c e n t r e 
o f t r a d e , w i t h o u t t h e r e b e i n g any s e r i o u s r e g u l a t i o n or c o n t r o l o 
The k i n d s o f magazine and powder s t o r e s e x i s t i n g can be guessed 
a t w i t h some c o n f i d e n c e by c o n s i d e r i n g t h e p r o b a b l e f i n a l d i s t r i b u t i o n 
o f m a n u f a c t u r e d gunpowder., 
Naval and m i l i t a r y magazines were d o u b t l e s s t h e b e s t managed. 
No r e c o r d o f any m i l i t a r y a c c i d e n t s can be found i n any of t h e m a t e r i a l 
examined-
M a n u f a c t u r e r s ' ' h o l d i n g ' magazines, such as those a t E r i t h and 
P u r f l e e t , and i n c l u d i n g a l s o t h e 'powder<=hulks' moored o f f - s h o r e i n the 
riedway used t o s t o r e powder made a t the m i l l s , which were as much as 
t h i r t y m i l e s (48 Km.) away, and a w a i t i n g shipment t o customers,, 
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E x p o r t magazines , such as those a t Wallasey and Glasgow, were 
u s u a l l y managed by P o r t A u t h o r i t i e s and o f f e r e d s a f e s t o r a g e t o t h e 
owners of e x p l o s i v e cargoes,, These may have been t h e b i g g e s t h o l d e r s 
of gunpowder, i n terms of sheer tonnage s t o r e d a t any one t i m e , t h a t 
t h e r e w ere 0 
W h o l e s a l e r s 5 s t o r e s were s i m p l y the s t o r e s used by merchants t o 
s t o r e powder b e f o r e b r e a k i n g b u l k f o r t h e r e t a i l t r a d e . R e t a i l e r s ' 
s t o r e s w i l l be r e f e r r e d t o a t s e v e r a l p o i n t s i n t h i s study? gunpowder 
was f o r many years b e f o r e the 1875 Act s o l d as r e a d i l y as t e a D 
C o l l i e r y and Quarry powder s t o r e s h e l d the low q u a l i t y gunpowder 
which was u s u a l l y s o l d t o the men i n o r d e r t o h e l p them win t h e c o a l 
or s t o n e which was p a i d f o r by 'the piece'„ 
The Times, 30th Dune 1B51, 2a=J5e_<, 
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The extreme care which was t a k e n i n the manufacture of gunpowder 
can be c o n t r a s t e d w i t h t h e c a r e l e s s n e s s w i t h which i t was handled i n 
everyday u s e G The f i r s t o f the two f o l l o w i n g q u o t a t i o n s g i v e s the 
p r o c e d u r e c a r r i e d o u t a t t h e Ualtham Abbey M i l l s . T h i s a p p r o x i m a t e s 
t o t h e s o r t of c a r e t a k e n aboard men=o=war when powder was being handled. 
" B e f o r e e n t e r i n g t h i s house we are r e q u i r e d t o encase our 
f e e t i n goloshes i n n o c e n t o f n a i l s 5 and the g r e a t e s t care i s 
t a k e n t h a t t h e s t r a n g e r ' s own boots s h a l l n o t t o u c h the 
p l a t f o r m i n f r o n t o f t h e M i l l „... proceed t o t h e ' M i x i n g -
house' where every p r e c a u t i o n i s needed,, Around t h e room 
t h e r e i s a hoop some two f e e t ( 6 1 cm,) high? a t i t s s i d e k n e e l s 
a workman, who f i t s a p a i r of overshoes on your f e e t , c a r e f u l l y 
p l a c i n g e a ch 9 as i t i s c o v e r e d , w i t h i n t h e charmed c i r c l e ; here 
a sense of danger f i r s t s t r i k e s you, f o r you are a c t u a l l y 
w a l k i n g , or s l i d i n g a b o u t , i n gunpowder . 
The E n g i n e e r , 1 1 t h November 1854 
T h i s i s s e t a g a i n s t t h e s u i c i d a l l y l a x management o f some c i v i l i a n 
gunpowder s t o r e s ? 
" I t i s q u i t e t r u e t h a t i n some - perhaps many •=• i n s t a n c e s , 
due p r e c a u t i o n s are observed w i t h r e g a r d t o t h e s t o r a g e o f gun=-
powder; b u t Major Majendie's r e t u r n s of i n s p e c t i o n s prove 
l a m e n t a b l e d e f i c i e n c y and g r o s s c a r e l e s s n e s s t o p r e v a i l i n the 
g r o a t m a j o r i t y o f cases. I n some cases t h e o f f i c e r has been 
conducted t o magazines s i t u a t e d i n densely p o p u l a t e d neighbourhoods, 
where he bas been t h e somewhat r e l u c t a n t w i t n e s s o f powder b e i n g 
s h o u e l l e d o u t of a b a r r e l w i t h one hand w h i l s t a c a n d l e was h e l d 
w i t h the o t h e r . His r e l u c t a n c e t o remain on t h e s p o t was p r o b a b l y 
n o t d i m i n i s h e d when, on t h e candle b e i n g blown o u t by a g u s t of 
windp the worthy p r o p r i e t o r produced l o o s e matches from h i s 
p o c k e t , w i t h which he r e l i t t h e c a n d l e . " 
Report t o S e l e c t Committee of the House 
of^Conwions, R e p r i n t e d i n E n g i n e e r i n g , 
22nd May 1874, p„374 0 
A major e x p l o s i o n of b l o c k gunpowder a t Belyedere near E r i t h , i n 
K e n t , on t h e morning of Saturday 1 s t October 1864, b r o u g h t both p u b l i c 
and o f f i c i a l a t t e n t i o n t o bear upon t h e dangers i n h e r e n t i n t h e 
t r a n s p o r t a t i o n of l a r g e q u a n t i t i e s of gunpowder,, A d e t a i l e d account 
of t h e e v e n t w i t h s t e e l - e n g r a v i n g s and diagrams can be found i n 
=47= 
The I l l u s t r a t e d London News f o r 8 t h October 1864 ( p 0 3 6 5 ) 
The e x p l o s i o n was thought t o have o c c u r r e d w h i l e b a r r e l s of 
gunpowder were being t r a n s f e r r e d f r o m a magazine b u i l d i n g t o barges, 
v i a a j e t t y 0 The magazine b u i l d i n g , one o f s e v e r a l a l o n g t h e same 
w a t s r f r o n t , was d e s c r i b e d as b e i n g "a s u b s t a n t i a l b u i l d i n g about 50 ft„ 
( 1 5 0 2 4 m,,) squ a r e , and c o n s i s t i n g of two f l o o r s , , ' 
The e x p l o s i o n i t s e l f cannot concern us h e r e , but the t e s t i m o n y 
g i v e n a f t e r w a r d s says much of the procedures and p r e c a u t i o n s which were 
supposed t o have p r e v e n t e d such explosions,, The p r o t e s t a t i o n s o f extreme 
ca r e were n o t borne o u t by l a t e r evidence? c o n s e q u e n t l y , t h e d e s c r i p t i o n s 
of what s a f e t y p r e c a u t i o n s were t a k e n must be seen as r e p r e s e n t i n g an 
i d e a l which was n o t n e a r l y a c h i e v e d ; 
"The T r a n s p o r t and Storage o f Gunpowder,, ~ The f o l l o w i n g 
r e g u l a t i o n s t o be observed by masters i n charge of barges, e t c o g 
i n t h e Thames, Hedway, and O r w e l l , and c a n a l s a d j o i n i n g , were 
l a s t week i s s u e d a t Woolwich by o r d e r of the Naval D i r e c t o r -
General of S t o r e s , C a p t a i n C a f f i n , C 0B«, A.D.C t o Her f 1 a j e s t y 0 
They s e t f o r t h t h a t - - 'Whenever barges or o t h e r c r a f t b e l o n g i n g 
t o , or engaged by, the m i l i t a r y s t o r e department are employed 
i n c o n v e y i n g gunpowder „ „ „ th e f o l l o w i n g r u l e s are t o be observed. 
W i t h r e g a r d t o f i r e s or l i g h t s on boards 
1 0 No f i r e s a re t o be l i g h t e d on board any barge „„„ c o n v e y i n g 
gunpowder <,»„ t o any p l a c e i n the -.ri.ver Thames,,.. 
2o When the barge „ o. i s one m i l e (l„609 Km)below Gravesend, 
and n o t n e a r e r t h a n h a l f a m i l e f r o m any i n h a b i t e d p l a c e or 
magazine, f i r e s may be l i g h t e d on board f o r c o o k i n g purposes only,, 
3 0 No barge h a v i n g powder on board i s t o remain a l o n g s i d e the 
j e t t y o . o of any magazine d u r i n g t h e n i g h t „ „. nor a t any t i m e 
(day or n i g h t ) e x c e p t when a c t u a l l y employed i n the o p e r a t i o n o f 
embarking or d i s e m b a r k i n g powder „„„ but i s t o h a u l o f f and a D c h o r 0 0 o 
4 0 No barge h a v i n g powder on board i s t o be l e f t w i t h o u t h a v i n g a 
r e s p o n s i b l e watchman i n charge,, 
5 0 W i t h r e g a r d t o t h e s a i l i n g and r i d i n g l i g h t s r e q u i r e d t o be 
c a r r i e d a c c o r d i n g t o A d m i r a l t y r e g u l a t i o n s , t h e u s u a l t i n d e r = b o x 
e t c w i l l be used and under no p r e t e n c e are l u c i f e r matches 
t o be on board,, Smoking on board i s most s t r i c t l y p r o h i b i t e d , , 
6„ 0 0 0 hatches are t o be c a r e f u l l y covered w i t h t a r p a u l i n s „ 0 o 
n o t t o be r e m o v e d ^ u n t i l t h e cargo i s ready t o be discharged,, 
7 0 A powder f l a g must be k e p t f l y i n g ..." 
The_ E n g i n e e r , 2 5 t h November 1864, p„327 0 
And a g a i n , 
* The powder f l a g was almost c e r t a i n l y t h e r e d s w a l l o w - t a i l f l a g , t h e 
'red burgee', which was l a t e r adopted t o s i g n i f y t h e l e t t e r "B", ' I 
am l o a d i n g or d i s c h a r g i n g e x p l o s i v e s ' i n the J n t j r j n ^ t i j D n a J . ^.£ojdB__af 
F l a g S i g n a l s . 
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"A code of i n s t r u c t i o n s 9 drawn up f o r t h e guidance o f 
foremen and o t h e r s employed aboard t h e f l o a t i n g magazines 
o f f Woolwich;, has l i k e w i s e been read and s i g n e d by every 
person engaged t h e r e and a l l persons have been g i v e n t o 
u n d e r s t a n d t h a t the s l i g h t e s t breach of t h e r e g u l a t i o n s , or 
any d e r e l i c t i o n o f t h e i r o r d i n a r y d u t i e s , w i l l be punished 
w i t h i n s t a n t d i s m i s s a l s No person t o e n t e r t h e magazine 
w i t h o u t changing h i s shoes for the p r o p e r s l i p p e r s „,, l a b o u r e r s 
employed i n w o r k i n g magazines or removing powder f r o m v e s s e l s , 
are n o t t o c a r r y k n i v e s or o t h e r o b j e c t i o n a b l e a r t i c l e s , and are 
t o wear t h e dresses tb± a r e i n f u t u r e t o be p r o v i d e d f o r t h e i r 
use, The foremen are t o see t h a t the magazines are c a r e f u l l y 
swept w i t h a h a i r broom a f t e r every day's work, and t a k e care 
t h a t a p r oper s u p p l y of h i d e s , w a d m i l t i l t s 5 , i ' and mats i s i n 
r e a d i n e s s and use d u r i n g the removal p f powder,.." 
The E n g i n e e r , 2 5 t h October 1864, p 0 
And f i n a l l y , 
",., i t i s p r o b a b l e t h a t t i r e s ( s i c ) o f v u l c a n i s e d rubber 
t o t h e wheels r u n n i n g on wooden r a i l s would be b e t t e r t h a n 
t i r e s of copper, and wheels r u n n i n g i n t i m b e r grooves w i t h water 
t r i c k l i n g down them would be b e t t e r t h a n edge r a i l s , " 
The E n g i n e e r , 1 4 t h October 1864, p 0 2 3 9 0 
There were d e s i g n s f o r f i r e p r o o f magazines which were t o h o l d t h e 
s m a l l q u a n t i t i e s o f gunpowder s t o c k e d by r e t a i l e r s . One such d e s i g n 
was t e s t e d a t Plumstead Marshes by the makers, Messrs, M i l n e r and Co 0 
of L i v e r p o o l , I n i t s e s s e n t i a l s g the s m a l l magazine resembled a s a f e 
w i t h double w a l l s ; the space between t h e w a l l s were t o be f i l l e d w i t h 
"a n o n - c o n d u c t i n g and v a p o u r i s i n g c o m p o s i t i o n ' 0 A p r o t o t y p e r e s i s t e d 
a s u r r o u n d i n g c o a l f i r e f o r more than s i x h ours. The j o u r n a l 
En q ineeri_n,q f o r 1 1 t h October 1872 (p,258) devotes a l o n g a r t i c l e t o t h e 
t r i a l s of t h i s magazine. 
The d i f f i c u l t y w i t h such s a f e t y p r e c a u t i o n s , t h e n as now, i s 
l i k e l y t o have been the h i g h i n i t i a l expense. 
' w a d m i l t i l t s • , t h i s i s a l m o s t c e r t a i n l y a l i t e r a l t r a n s p r i p t i o n of 
'wadrnal t i l t s ' : wadnial, a t h i c k w o o l l e n c l o t h ; j j j l j i s awning f o r 
waggon or boat. Bee Chambers T w e n t i e t h Century D i c t i o n a r y ( 1 9 0 9 ) 0 
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The Q u a l i t i e s o f Good Gunpowder 
Black gunpowder was a commodity o f such i m p o r t a n c e , and of such 
g e n e r a l e x p e r i e n c e , t h a t i t was i m p o r t a n t t h a t anyone hav i n g a n y t h i n g 
t o do w i t h i t s h o u l d be a b l e t o t e l l sound gunpowder from bad. The 
numbers of people who 9 a hundred or more years ago, would have had 
cause t o handle gunpowder f o r one reason or a n o t h e r would have been very 
many t i m e s l a r g e r t h a n the number of people who today would have o c c a s i o n , 
or o p p o r t u n i t y , t o handle e x p l o s i v e s . 
Moreover, s i n c e gunpowder was u s u a l l y s o l d ' l o o s e ' , people l i t e r a l l y 
d i d handle gunpowder. There i s n o t a p r e c i s e e q u i v a l e n t i n p r p s e n t day 
l i v i n g because e x p l o s i v e s a r e s t r i c t l y c o n t r o l l e d by l e g i s l a t i o n , , B u t 9 
t o o f f e r an a n a l o g y , t h e householder of a hundred years ago would have a 
knowledge of t h e c a r e of a d r a u g h t a n i m a l and a c a r t , he would be a b l e 
t o t e l l good feed f r o m t a i n t e d ; i n t h e same way, the modern suburban 
d w e l l e r o f t e n has a g r e a t d e a l of knowledge of the motor c a r . The need 
t o be a b l e t o judge a sample o f powder was i m p o r t a n t enough f o r a l i s t 
o f t h e appearance o f good and bad gunpowder t o be p r i n t e d o f t e n i n g e n e r a l 
works from Abraham Rees' C y c l o p e d i a o f 1820 t o Crookes' t r a n s l a t i o n o f 
Wagner's Handbook of Chemical TecjTjnplggj^s) and o t h e r works of even l a t e r 
date,, The Rees p r e s c r i p t i o n g i v e s , t h e s t r o n g e s t i m p r e s s i o n of f i r s t = 
hand a c q u a i n t a n c e ; 
"There a r e s e v e r a l ways of p r o v i n g the goodness o f gunpowder. 
1 0 By s i g h t ; f o r i f i t be t o o b l a c k , i t i s t o o m o i s t , or has t o o 
much c h a r c o a l i n i t ? so a l s o i f rubbed upon w h i t e paper, i t 
b l a c k e n s i t more t h a n good powder does; but i f i t be a k i n d of 
azure c o l o u r ^ somewhat i n c l i n i n g t o r e d , i t i s a s i g n of good 
powdeEo 
2 0 By t o u c h i n g ; f o r i f i n c r u s h i n g i t w i t h your f i n g e r s ' endSj 
the g r a i n s break e a s i l y , and t u r n t o d u s t w i t h o u t f e e l i n g h a r d 9 
i t has t o o much c h a r c o a l i n i t ; or i f i n p r e s s i n g i t under your 
f i n g e r s upon a smooth boa r d , some g r a i n s f e e l harder than the 
r e s t , o r , as i t were, dent your f i n g e r s ' ends, t h e s u l p h u r i s 
n o t w e l l mixed w i t h t h e n i t r e , and the powder i s bad. And a l s o 
by t h r u s t i n g the hand i n t o a p a r c e l o f powder, and g r a s p i n g i t 
as i f you were about t o t a k e a h a n d f u l of i t , you may f e e l i t t o 
be d r y and e q u a l l y g r a i n e d , by i t s e v a d i n g t h e g r a s p , and r u n n i n g 
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mo s t l y o u t of t h e hand 0 
3 0 By b u r n i n g , i n which method l i t t l e heaps of powder are l a i d on 
a w h i t e paper t h r e e i n c h e s ( 7 Q 6 2 cms,) or more asunder, and one 
o f them i s f i r e d ; w h i c h , i f i t f i r e s a l l away, and t h a t suddenly 
and a l m o s t i m p e r c e p t i b l y , w i t h o u t f i r i n g t h e r e s t and makes a 
s m a l l t h u n d e r i n g n o i s e , and a w h i t e smoke a r i s e s i n the a i r a l m o s t 
l i k e a c i r c l e , the powdar i s good? i f i t l e a v e s b l a c k marks, i t 
has toommuch c h a r c o a l , or i s n o t w e l l b u r n t ? i f i t l e a v e s a 
g r e a s i n e s s , t h e s u l p h u r or n i t r e a r e not w e l l c l e a n s e d or o r d e r e d . 
A g a i n , i f two or t h r e e corns be l a i d on paper an i n c h d i s t a n t , 
and f i r e t o be p u t t o one o f them, and t h e y a l l f i r e a t once, 
l e a v i n g no s i g n behind b u t a w h i t e smoky c o l o u r i n the p l a c e , 
and t h e paper not t o u c h e d , the powder i s good..." 
The above i s a f a i r sample o f the a d v i c e o f f e r e d by Abraham Rees •= 
t h e r e i s much more 0 L a t e r c a v e a t s about d e t e r m i n i n g t h e q u a l i t y or 
o t h e r w i s e of b l a c k powder o f f e r l e s s a d v i c e about d e f e c t s which might 
have come about as a r e s u l t of f a u l t s i n t h e m a n u f a c t u r e or t h e o r i g i n a l 
p u r i t y of the i n g r e d i e n t s o f a b l a c k powder and more on i n d i c a t i o n s o f 
d e t e r i o r a t i o n i n what had been w e l l made b u t b a d l y managed. 
There was a good knowledge o f gunpowder's t o l e r a n c e of ambient 
m o i s t u r e <= the l i m i t s beyond which i t was h e l d t o be s p o i l e d ; 
"Gunpowder can abosrb more t h a n 14 per c e n t o f m o i s t u r e 
f r o m t h e a i r ; i f t h e q u a n t i t y of water t h u s t a k e n up i s n o t 
above 5 per c e n t , t h e powder, on b e i n g g e n t l y d r i e d reassumes 
i t s former a c t i v i t y ? b u t i f the q u a n t i t y exceeds t h a t amount;, 
t h e gunpowder w i l l n o t burn o f f r a p i d l y , and when d r i e d s i n g l e 
g r a i n s become covered w i t h an e f f l o r e s c e n c e o f saltpetre 0„." 
V i r t u a l l y t h e o n l y c o n t a i n e r f o r the b u l k h o l d i n g of b l a c k gun= 
powder which enjoyed any e x t e n s i v e use was the wooden b a r r e l or keg<, 
And y e t t h e l i t e r a t u r e c o n t a i n s v e r y few r e f e r e n c e s which g i v e any 
s p e c i f i c i n f o r m a t i o n about the b a r r e l s which were used t o s t o r e gunpowder. 
The p r o b a b l e reason f o r t h i s was t h a t b a r r e l s were then such a p a r t of 
everyday e x p e r i e n c e t h a t i t was n o t t h o u g h t necessary t o o f f e r any 
d e s c r i p t i o n 0 However, s i n c e such knowledge i s no l o n g e r g e n e r a l , and 
Wagner, r ^ e m i c a l T e c h n o l o g y 0 1B56 9 p0152<> 
The Gunpowder B a r r e l 
because i t i s wished t o show something o f t h e i m p o r t a n c e o f t h i s 
c o n t a i n e r t o the s t o r a g e , h a r i d l i n g , and t r a n s p o r t o f gunpowder, i t 
w i l l be u s e f u l t o r e v i e w , v e r y b r i e f l y , i t s main c h a r a c t e r i s t i c s , , 
The s t r u c t u r e of a b a r r e l i s a k i n t o t h a t o f an a r c h ; t h e 
edges o f the s t a v e s a r c b e v e l l e d toward each o t h e r l i k e t h e vousscnTvg, 
f o r m i n g a stone v a u l t . I n t e r n a l s t r e n g t h i s dependent upon e x t e r n a l 
pressure,, I n the b a r r e l , t h e e x t e r n a l p r e s s u r e i s s u p p l i e d by the 
e n c l o s i n g hoops 0 I f t h e hoops a re removed, a b a r r e l can be reduced 
t o i t s s t a v e s and he a d - p i e c e s , something which was o r d i n a r i l y done when 
empty b a r r e l s wore b e i n g r e t u r n e d . The p e c u l i a r shape of t h e b a r r e l , 
which does n o t g i v e the most economical stowage p o s s i b l e , d e r i v e s f r o m 
the need t o have a shape which w i l l a l l o w t h e hoops t o be d r i v e n home 
w i t h an i n c r e a s i n g tension,, I t i s t h i s shape which a l l o w s a b a r r e l t o 
be s t e e r e d as w e l l as r o l l e d over any r e a s o n a b l y even s u r f a c e , and, w i t h 
t h e necessary i o p e s and a l i t t l e s k i l l , a very heavy b a r r e l can be 
p a r b u c k l e d up and down s t e e p l y i n c l i n e d p l a n k s , as i n t o a s h i p ' s h o l d , 
w i t h an a s t o n i s h i n g g e n t l e n e s s . 
To r e t u r n t o t h e s p e c i f i c t o p i c o f those b a r r e l s which were used 
t o h o l d gunpowder, the main o b s e r v a t i o n which w i l l be made i s t h a t t he 
q u a l i t y o f the b a r r e l s used r e f l e c t e d v e r y c l e a r l y t he v a l u e n f the grade 
of powder they were t o c o n t a i n . Only two d i r e c t ; r e f e r e n c e s t o the k i n d 
and q u a l i t y of b a r r e l s used f o r h o l d i n g gunpowder can be c i t e d . The 
f i r s t g i v e s an i n d i c a t i o n o f gunpowder b a r r e l s a t t h e i r b e s t ; the 
second a t what must have been q u i t e t h e i r w o r s t . 
•scar Guttman devotes f i v e pages t o the d e s c r i p t i o n of the 
c o n t a i n e r s used t o h o l d gunpowder. But h i s account i s almo s t e n t i r e l y 
of c o n t i n e n t a l , m i l i a r y , p r a c t i c e . His o n l y r e f e r e n c e t o B r i t i s h usage 
i s g i v e n i n t h e s h o r t paragraphs 
Guttman; The H a n u f a c t u r e o f _ E x p l o s i v e s , V o l . 1 , pp o260«265, London, 1B95„ 
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" I n England, powder i s p l a c e d d i r e c t l y i n t o barrels 
h o l d i n g 100 l b . (45.4 Kg.) Since these b a r r e l s a r e made 
so c a r e f u l l y , t h e use o f a l i n e n bag (as a l i n e r ) i s con-
s i d e r e d unnecessary ... t h e b a r r e l s were o n l y f i l l e d t o 
9/lOths of t h e i r c a p a c i t y , s i n c e i t was b e l i e v e d t h a t by 
r o l l i n g the b a r r e l the powder was p r e v e n t e d f r o m caking,, 
For t h i s purpose the b a r r e l s were r o l l e d every year over a 
copper p l a t e on the f l o o r o f t h e magazine." 
Here, a g a i n , Guttman i s almost c e r t a i n l y r e f e r r i n g t o the 
m i l j j a r ^ y p r a c t i c e , , 
M i l i t a r y e x p l o s i v e h a n d l i n g i s u s u a l l y l e s s prone t o a c c i d e n t 
t h a n c i v i l i a n . The reasons why t h i s s h o u l d be so are n o t d i f f i c u l t 
t o guess. Long b e f o r e t h e n i n e t e e n t h c e n t u r y t h e r e were d i r e c t i o n s 
f o r t h e proper management of magazines = these were p r e s c r i p t i v e 
r e g u l a t i o n s . The p e r s o n n e l a c t i n g a c c o r d i n g t o such i n s t r u c t i o n s are 
l i k e l y t o have been s p e c i a l i s t s , , Above a l l , m i l i t a r y l a b o u r i s 
u s u a l l y p l e n t i f u l and i s a standing c h a r g e , so t h a t i t m a t t e r s l i t t l e 
how much t i m e and e f f o r t i s p u t i n t o magazine f a t i g u e s . Also the 
t h r o u g h p u t o f m i l i t a r y powder, i n t o and o u t of magazines, was, d u r i n g 
t h e l o n g peace a f t e r 1815 and a g a i n a f t e r 1856, r e l a t i v e l y s m a l l o 
Guttman i s above s p e a k i n g i n terms of a b a r r e l of gunpowder r e m a i n i n g 
i n s t o r e f o r more than a y e a r . 
C i v i l i a n gunpowder b a r r e l s can be shown on a t l e a s t one o c c a s i o n 
t o have been very i n f e r i o r c o n t a i n e r s . The f o l l o w i n g t e s t i m o n y which 
was g i v e n a t the e n q u i r y which f o l l o w e d t h e E r i t h E x p l o s i o n of 1864 
shows what s t o o d a t t h e o p p o s i t e extreme t o t h e c a r e f u l p a c k i n g expended 
on s e r v i c e powder. 
" I n d i s p u t a b l e e v i d e n c e i n the h a n d w r i t i n g of t h e poor 
f e l l o w Raynor, i n the f o r m o f a l e t t e r , was w a f t e d away by 
the e x p l o s i o n a t t h e i n s t a n t o f d e a t h , and was produced a t 
th e Coroner's I n q u e s t „.. 
I t i s a l e t t e r s i g n e d Gee?. Raynor, f o r J . H a l l and SonSj, 
and d i r e c t e d t o Mr. Honks- ' S i r , - f o r some time p a s t I have 
w i t n e s s e d the leakage o f casks t o a very g r e a t degree. „ I n 
f a c t , i t amounts t o t h i s - t h e m a j o r i t y o f t h e q u a r t e r s i n 
' q u a r t e r s ' r e f e r s t o b a r r e l s h o l d i n g a q u a r t e r hundredweight 
of powder; twe n t y e i g h t pounds I m p e r i a l , 12.7 K i l o g r a m s . 
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p a r t i c u l a r a r e n o t f i t t o p u t gunpowder i n 9 n o t o n l y w i t h the 
f . f , f i , , b ut t h e f . c . o , and t h e B,C, I n f a c t t h e hoops are 
f a l l i n g o f f t h e casks as t h e y a re being h a n d l e d , and t h e heads 
f a l l i n 0 I have n o t complained t o anyone e l s e , but i f t h i s 
g r o w i n g e v i l i s n o t rem e d i e d , I must o f n e c e s s i t y do so t o 
someone e l s e 0 I t appears t h e wood i s n o t p r o p e r l y seasoned, 
so t h e workmanship must be v e r y i n f e r i o r , , I hope you w i l l do 
something t o a l t e r t h i s , as we must g e t them w i t h i n r e a s o n a b l e 
bounds, I can d r i v e t h e hoops so as t o g e t a n o t h e r on i n many 
cases, Your a t t e n t i o n w i l l o b l i g e , y ours t r u l y ~ Geo Rayner." 
The E n g i n e e r , 1 4 th October 1864 (p„239). 
As foreman of a c i v i l i a n magazirae, t h e u n f o r t u n a t e f i r . Raynor 
had none o f the l u x u r i e s a l l o w e d t o h i s m i l i t a r y c o u n t e r p a r t . As 
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w i l l be shown i n more d e t a i l elsewhere i n t h i s s t u d y , the gunpowder 
t r a d e was as much a p r o f i t = ? m a x i m i s i n g i n d u s t r y as any o t h e r d u r i n g 
the n i B e t e e n t h century,. I t can be noted p a r t i c u l a r l y t h a t t h e f i r m 
concerned was J, H a l l & Sons, one o f the l a r g e s t and most s u c c e s s f u l 
of t h e powder m a n u f a c t u r e r s . 
I t i s because gunpowder making was an i n d u s t r y o r g a n i s e d i n much 
the same way as any o t h e r o f the t i m e t h a t i t i s p o s s i b l e t o o f f e r a 
p o s s i b l e e x p l a n a t i o n f o r t h e a p p a r e n t l y a p p a l l i n g mismanagement a t 
B e l v e d e r e , 
Cheap c o n t e n t s w a r r a n t n e i t h e r t h e use of e x p e n s i v e b a r r e l s nor 
th e s e t t i n g up of a r e t u r n and r e = f i l l o r g a n i s a t i o n , . The l o s s e s t o 
the m a n u f a c t u r e r are l e a s t i f the c o n t a i n e r i s c o n s i d e r e d t o be a once 
and f o r a l l p a r t of t h e p r i c e of t h e c o n t e n t s . Good b a r r e l s would 
s i m p l y n o t have been r e t u r n e d ? and t o have i n t r o d u c e d a system of 
d e p o s i t s a g a i n s t r e t u r n would have i n c r e a s e d the p r o b a b i l i t y o f the 
empties b e i n g p i l f e r e d , A r e t u r n system a l s o r e q u i r e s t h a t a m a n u f a c t u r e r 
own r a t h e r more than t w i c e as many b a r r e l s as are a c t u a l l y i n t r a n s i t 
and f u l l . 
( i n t h e wine t r a d e , where the b a r r e l s were o f t e n w o r t h much more 
See f j a l e j s J]urjpqwder_ and jJej-inieyer 's Gunpowder. 
t h a n t h e i r c o n t e n t s , t h e r e t u r n o f empty b a r r e l s had been w e l l 
o r g a n i s e d f r o m t h e d i d d l e Ages onwards),, 
B l a s t i n g gunpowder, because i t was the cheapest grade of gun= 
powder, no doubt was packed i n t o t h e w o r s t b a r r e l s , , I t i s a l s o 
p r o b a b l e t h a t , because mines and q u a r r i e s were o f t e n remote, b a r r e l s 
h o l d i n g b l a s t i n g powder were s u b j e c t t o more st a g e s of t r a n s - s h i p m e n t 
t h a n o t h e r more expensive powders. 
A Mote on t h e use o f Withes 
The modern n o t i o n o f a b a r r e l i s most l i k e l y t o be drawn f r o m 
e x p e r i e n c e o f beer ' i n the wood' where the b a r r e l i s hooped w i t h iron„ 
And where a b a r r e l has t o h o l d t h e r e l a t i v e l y l a r g e w e i g h t o f l i q u i d 
c o n t e n t s t h i s was a l s o t h e case d u r i n g t h e n i n e t e e n t h century,, But 
f o r many purposes, e s p e c i a l l y f o r gunpowder b a r r e l s where t h e use of 
i r o n or s t e e l was p r o h i b i t e d , t h e w i t h e ( w i t h y ) , a h a z e l or w i l l o w 
s a p l i n g s p l i t l o n g i t u d i n a l l y and used w i t h the bark l e f t on, was by 
f a r the more common m a t e r i a l f o r b a r r e l hoops. A c l o s e i n s p e c t i o n 
of t h e f i n e d e t a i l on s t e e l e n g r a v i n g s o f the t i m e shows t h i s t o be so. 
O p e r a t i v e s i n t h e Gunpowder I n d u s t r y 
The work people who a c t u a l l y made t h e gunpowder are a l m o s t 
e n t i r e l y anonymous 0 Only when t h e y were the s u b j e c t of a c o r o n e r ' s 
j u r y were these men and women accorded t h e i r names. G e n e r a l l y s p e a k i n g , 
t h e e a r l i e r the year the g r e a t e r t h e l i k e l i h o o d t h e r e i s o f t h e r e b e i n g 
any r e c o r d o f an i n d i v i d u a l . Occasions f o r the r e c o r d i n g o f anecdotes 
no doubt became fewer as t h e c e n t u r y advanced and t h e t r a d e became l a r g e r 
and more i m p e r s o n a l . 
I f t h e r i s k of b e i n g blown t o p i e c e s of h i d e o u s l y burned i n one 
See T h B ^ a j y j 3 T j 3 h j ^ P t s . I and I I by A r t h u r P e r c i v a l , 
I n d u s t r i a l A r c h e o l o g y , 1968, Vol<,5, (\)o 0l, s t ^ s e q . 
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of the p e r i o d i c a l a c c i d e n t a l e x p l o s i o n s i s s e t a s i d e , gunpowder making 
does n o t appear t o have been i n c i d e n t a l l y dangerous, nor was i t very 
arduous. No o c c u p a t i o n a l d i s e a s e s are a s s o c i a t e d w i t h t h e w ork 0 
And t h i s i s r e f l e c t e d i n t h e r e l a t i v e l y low wages p a i d . I n 1859, 
many workmen were p a i d as l i t t l e as two s h i l l i n g s and t h r e e pence per 
day; a few were p a i d f o u r s h i l l i n g s . T h i s i s l e s s than h a l f of what 
was p a i d t o such c r a f t s m e n as c a r p e n t e r s and b r i c k l a y e r s a t t h a t t i m e . 
The E x p o r t o f Gunpowder W i l l Machinery 
The machinery used i n a l l t h e s t a g e s o f gunpowder manufacture 
was adapted f r o m d e s i g n s which were capable of a number of a l t e r n a t i v e 
i n d u s t r i a l a p p l i c a t i o n s 5 and as such, gunpowder-making machinery 
e n t e r e d f r e e l y i n t o a l a r g e e x p o r t t r a d e i n i n d u s t r i a l p l a n t . 
The p o s s e s s i o n of a modern gunpowder s i l l l o o k s t o have been as 
much a m a t t e r of p r e s t i g e and s t r a t e g i c need t o a new n a t i o n i n the 
n i n e t e e n t h c e n t u r y as a home arms i n d u s t r y i s t o d a y 0 There i s a c l o s e 
correspondence between the announcement o f a c o n t r a c t f o r t h e s u p p l y o f 
a new powder m i l l and some major p o l i t i c a l change i n the a f f a i r s o f the 
customer n a t i o n . 
F o l l o w i n g the c o n c l u s i o n of the Crimean War, the f i r m of Messrs. 
Galloway of Knot M i l l , near Manchester, c o n t r a c t e d t o b u i l d a l a r g e 
gunpowder m i l l f o r t h e Ottoman Governments 
"These m i l l s a re t o be d r i v e n by a 60 horsepower condensing 
e n g i n e , which i s a l s o a t p r e s e n t i n hand. Each of the m i l l s 
has two edge r o l l e r s , w e i g h i n g 13 tons (13.2 t o n n e s ) t h e p a i r D 
To p r e v e n t t h e e x p l o s i o n o f one m i l l communicating w i t h a n o t h e r , 
t h e y are each p l a c e d 70 f e e t (21„3 m 0) a p a r t , and, as they are 
The gunpowder t r a d e i s n o t mentioned a t a l l i n 'A T r e a t i s e on 
Hygiene and P u b l i c H e a l t h ' by T„ Stevenson, M.D., F.R.C.Po, 
and S h i r l e y F. Murphy, P u b o 3, & A. C h u r c h i l l , London, 1890, 
which l i s t s l i t e r a l l y hundreds of c o m p l a i n t s s u f f e r e d by the 
workmen i n a l m o s t as many t r a d e s and o c c u p a t i o n s 0 
The E n g i n e e r , 3 r d June 1859 ( p 0 3 8 9 ) 0 
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a l l d r i v e n by the same e n g i n e , t h e r e i s a c o n t i n u o u s l i n e o f 
heavy wrought i r o n s h a f t i n g , e x t e n d i n g underground t o t h e 
d i s t a n c e of 240 f e e t (73 m „ ) o " 
The Engineer, 4 t h Duly 1856, p 0356. 
The f i r m of D. & H0 Gwynne of t h e Hammersmith I r o n w o r k s , London 
(The Company i s s t i l l i n e x i s t e n c e ) , had, b e f o r e 1870, manufactured 
and s o l d a l l t h e machinery necessary f o r the s e t t i n g up o f a gunpowder 
m i l l f o r the DapBnese Government. The e x a c t d a t e of t h e c o n t r a c t cannot 
be c i t e d , b u t i t would appear t o c o i n c i d e a p p r o x i m a t e l y w i t h the 
e s t a b l i s h m e n t of t h e new 3apanese c a p i t a l a t Tokyo 0 The machinery 
was t o be d r i v e n by ' c a t t l e - p o w e r ' 0 
A somewhat l a r g e r m i l l , a l o n g w i t h t h e water t u r b i n e s t o power 
i t , had a l r e a d y been b u i l t f o r t h e newly independent kingdom of I t a l y c 
A more e x t e n s i v e s e a r c h would d o u b t l e s s show many o t h e r examples. 
(From t h e maker's nameplates showing on i l l u s t r a t i o n s of p l a n t 
d a t i n g f r o m l a t e r i n the c e n t u r y = a f t e r about 1875 - i t would appear 
t h a t German machinery was p r e - e m i n e n t i n gunpowder m i l l s ) 0 
1 Trade Gunpowder' 
A l i t t l e b e t t e r t h a n b l a s t i n g gunpowder i n g e n e r a l q u a l i t y , b u t 
d e c i d e d l y w e l l below a l l o t h e r gunpowders, t h e r e i s i n t h e l i t e r a t u r e 
an o c c a s i o n a l and i n v a r i a b l y a p e j o r a t i v e mention of 'Trade', 
' E x p o r t a t i o n ' , or ' A f r i c a n ' gunpowder. T h i s was made a l m o s t 
e x c l u s i v e l y f o r s a l e i n A f r i c a , and p a r t i c u l a r l y i n West A f r i c a . 
( I t can be observed t h a t where Europeans came i n t o c o n t a c t w i t h 
p e o p l e s who had a l r e a d y a knowledge o f gunpowder, as i n I n d i a and 
China, t h e r e was l i t t l e demand f o r 'Trade' powder. There was o f t e n , 
however, a ready a p p r e c i a t i o n o f good q u a l i t y European made gunpowder) 0 
D i e t i o n a r y •if__EnqineBring_ by E. & F.N. Spori (Ed. B y r n e ) , 
London, 1870 o 
The e x t e n t o f t h e t r a d e , e s p e c i a l l y b e f o r e c o l o n i a l i s a t i o n 
began i n e a r n e s t a f t e r about 1370, was very c o n s i d e r a b l e . But t h i s 
was a p r o d u c t made f o r b u y i n g and s e l l i n g o n l y . I t was by a l l a ccounts 
v e r y i n f e r i o r s t u f f . The n a t u r a l i s t French-American, Paul B, Du C h a i l l u , 
i n h i s book g i v e s h i s i m p r e s s i o n s o f 'Trade' gunpowders 
"Wherever I have been among them my s h o t s have e x c i t e d 
a s tonishment? t h i s i s n o t so much because my guns a r e b e t t e r , 
as because I have good powder, and they do n o t know how t o l o a d 
a gun. The negro i d e a i s t o p u t i n as much powder as he d a r e s , 
and on t o p of t h i s as much o l d i r o n as he can a f f o r d t o throw 
away i n one s h o t . I f t h e powder was o n l y of average s t r e n g t h 
t h e y would blow themselves t o p i e c e s , b u t the t r a d e r s on the 
c o a s t make i t m i l d by a d u l t e r a t i o n s ? and I have a c t u a l l y seen 
b i t s o f i r o n of v a r i o u s shapes rammed i n t o a gun t i l l i t was 
loaded t o w i t h i n i n c h e s o f t h e muzzle. Consequently t h e r e c o i l 
i s v e r y heavy? they dare n o t h o l d the guns t o t h e i r s h o u l d e r s , , , " 
Nor d i d t h i s d e p a r t u r e f r o m t h e u s u a l h i g h s t a n d a r d of B r i t i s h 
made manufactures go u n n o t i c e d . I n a r e p o r t on t h e work of t h e 
Government c o n t r o l l e d powder m i l l s i n France, which appeared i n The 
Engineer f o r 1 8 t h February 1858, t h e r e occurs t h e f o l l o w i n g s e n t e n c e : 
" I t appears f r o m a c o m p a r a t i v e t r i a l t h a t i t ( F r e n c h 
powder) i s g r e a t l y s u p e r i o r t o t h a t of which samples were 
s e n t t o the War O f f i c e by Fir, Regis of M a r s e i l l e s , as some 
of t h e gunpowder g i v e n i n exchange by E n g l i s h t r a d e r s on the 
coa± of A f r i c a o " 
From the above i t m i g h t be deduced t h a t n o t a l l 'Trade' gunpowder 
was B r i t i s h made, and t h a t , f r e e t r a d i n g a l l o w e d , 'good' gunpowder would 
te n d t o d r i v e out bad. Vast s t o c k s o f s u r p l u s gunpowder remained a t 
t h e end of t h e American C i v i l War (1861-1865) t o depress the gunpowder 
market f o r same f i f t e e n y e ars a f t e r w a r d s 0 The e x i s t e n c e o f such 
s t o c k s may have done much t o reduce the making of poor q u a l i t y powder. 
I t i s o f course u n l i k e l y t h a t any o f the u s u a l sources would 
E x p l o r a t i o n s and A d v e n t u r e s _ i n E q u a t o r i a l A f r i c a , by Paul Du C h a i l l u , 
Pub, To Werner L a u r i e , L t d , London, 1861 ( p o 1 0 7 ) o 
The Chemical I n d u s t r y during__the_XI_X Cerit^ury^ by L,F C Haber 9 
O x f o r d , 1958 0 
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i n c l u d e s p e c i f i c d e s c r i p t i o n s o f how powder o f a markedly i n f e r i o r 
q u a l i t y c o u l d be made 0 I t i s p o s s i b l e , however, t o gl e a n a l i t t l e 
i n f o r m a t i o n about t h e ways i n which 'Trade' powder d i f f e r e d f r o m the 
more r e s p e c t a b l e v a r i e t i e s . 
'Trade' gunpowder was commonly much b l a c k e r i n t h e g r a i n and 
very much more h i g h l y p o l i s h e d than even t h e h i g h l y g l a z e d E n g l i s h 
gunpowdero I n a g e n e r a l a r t i c l e on gunpowder which was p r i n t e d i n 
The Engineer f o r 1 4 t h June 1867 ( p 0 5 3 4 ) , t h e f o l l o w i n g comment about 
t h e c o s m e t i c f i n i s h a p p l i e d t o such powders was made. 
" O c c a s i o n a l l y t h e p o l i s h of gunpowder g r a i n s i s h e i g h t e n e d 
w i t h b l a c k l e a d (powdered g r a p h i t e ) , a p r a c t i c e which p r e v a i l s i n 
the manufacture o f gunpowder f o r t h e A f r i c a n market,, We need 
n o t i n d i c a t e t h a t the presence o f b l a c k l e a d , i n whatever q u a n t i t y ; , 
i s u n d e s i r a b l e 5 b e i n g w h o l l y i n c o m b u s t i b l e i t n e c e s s a r i l y tends 
t o i n c r e a s e t h e r e s i d u e of f o u l i n g . 
I t may be t h a t t h e h i g h p o l i s h b r o u g h t about by the use of 
g r a p h i t e was d e s i r e d n o t because i t appealed t o t h e u s e r s ' a e s t h e t i c 
sense, but r a t h e r because i t a t l e a s t made t h e a d u l t e r a t i o n spoken of 
by Du C h a i l l u more d i f f i c u l t t o b r i n g abouto 
I t i s suspe c t e d t h a t gunpowder i n t e n d e d f o r the A f r i c a n t r a d e 
was more, perhaps much more, dense t h a n o t h e r powders,, Thei'e i s 
l i t t l e d i r e c t e vidence t o s u p p o r t t h i s s u s p i c i o n . Oscar Guttman 
g i v e s a g r a v i m e t r i c d e n s i t y ( t h e w e i g h t o f a g i v e n q u a n t i t y o f gunpowder 
f i l l i n g a s p e c i f i e d volume) f o r a French gunpowder which he c l a s s i f i e s 
as 'Exportation powder' o f a v a l u e 0 o 9 7 0 o This i s s e t a g a i n s t a v a l u e 
of 0„860 f o r s p o r t i n g gunpowder. The s u s p i c i o n i s based upon a con= 
s i d e r a t i o n of the advantage t n be g a i n e d by the m a n u f a c t u r e r and t h e 
merchant f r o m t h e p r a c t i c e , , 
The press-cake s t a g e o f gunpowder making must have been q u i t e t h e 
most economical p a r t o f the whole p r o c e s s , because i t r e q u i r e d m o t i v e 
Guttmans The I'nnufacture o f E x p l o s i v e s , 1895, p„288 0 
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power f o r a very s h o r t t i m e , and the powder was under compression f o r 
o n l y a m a t t e r of minutes,, A hard~pressed powder was l i k e l y t o have 
g i v e n o f f l e s s d u s t t h a n l e s s dense powders,, There would c o n s e q u e n t l y 
be l e s s of each b a t c h t o re-process„ 
The slower r a t e o f b u r n i n g which hard=pressed powders gave may 
have been a necessary complement t o t h e q u a l i t y o f t h e 'Dane guns' i n 
which i t was t o be used. 
I f i t was t h e case t h a t ' t r a d e powders' were commonly made i n 
the f o r m o f e x c e p t i o n a l l y dense g r a i n s , i t c o u l d be t h a t t h e demand 
f o r t h i s s o r t o f gunpowder grew f r o m no m o t i v e of sharp p r a c t i c e a t 
a l l = i t may have been t h a t t h e r e was s i m p l y a need f o r a p r o d u c t 
which c o u l d w i t h s t a n d c a s u a l h a n d l i n g d u r i n g the s u c c e s s i v e t r a n s a c t i o n s 
of u p - c o u n t r y r e t a i l i n g , . 
Trade gunpowder was made i n q u a n t i t y a t the m i l l s which made 
c i v i l i a n b l a s t i n g powder,, The m i l l s o f Westmorland and Furness were 
r e s p o n s i b l e f o r about h a l f o f the c o u n t r y ' s o u t p u t of t h i s k i n d of 
powder,, However, e a r l i e r i n the c e n t u r y , a t l e a s t some i n f e r i o r 
powders were made a t t h e Government Works a t Waltham Abbey, f o r i n a 
d e s c r i p t i o n of t h e works p u b l i s h e d i n The Engineer f o r 2 9 t h October 1858, 
( p 0 3 3 5 ) 9 i t i s s t a t e d t h a t 'very c o a r s e , and c o a r s e = g r a i n e d powder, 
b l a s t i n g powder,and some k i n d s of f o r e i g n r i f l e powder, are o c c a s i o n a l l y 
g l a z e d w i t h g r a p h i t e 1„ 
I t i s e n t i r e l y p o s s i b l e t h a t s e r v i c e gunpowder which had been 
l o n g i n s t o r a g e or which had d e t e r i o r a t e d i n some o t h e r way so t h a t 
i t no l o n g e r came up t o t h e r e q u i r e d s t a n d a r d may w e l l have been s o l d 
o f f t o c i v i l i a n buyers f o r some fo r m of p a r t i a l r e - p r o c e s s i n g and 
subsequent r e ~ s a l e f o r the A f r i c a n markets 
-6D-
Contra_ba_nd GunpouJider 
Not a l l gunppwder was f a c t o r y - m a d e , nor c o u l d i t a l l be S t a t e -
c o n t r o l l e d o I t i s i m p o r t a n t t o show t h a t gunpowder was n o t s u s c e p t i b l e 
t o any a b s o l u t e embargo 0 Long a f t e r t h e manufacture of gunpowder 
became a h i g h l y complex p r o c e s s , European t r o o p s were being bested by 
o p p o s i t i o n s u s i n g gunpowder ground between two sto n e s by t h e i r womenfolko 
I t may indeed o n l y have been a f t e r t he mi d d l e of t h e e i g h t e e n t h c e n t u r y 
t h a t i n q u a l i t y European gunpowder became m a t e r i a l l y s u p e r i o r t o t h a t 
made i n Asia., Even i n Europe, and as l a t e as 1853, some gunpowder was 
being made w i t h o u t the a i d of machinerys 
" I n S p a i n , t h e p u b l i c gunpowder manufacture i s a government 
monopoly, and t h e a r t i c l e i s both dear and bad,. Hence the 
peasants have l o n g been s t i m u l a t e d i n t o t h e p r e p a r a t i o n o f 
t h e i r own 0 The o p e r a t i o n i s c a r r i e d o u t w i t h g r e a t s e c r e c y ^ 
j u s t as i l l i c i t d i s t i l l a t i o n i n t h e w i l d s o f S c o t l a n d and 
I r e l a n d , and s u b j e c t t o f r e q u e n t i n t e r r u p t i o n ? y e t t h e r e s u l t 
i s by no means d e s p i c a b l e , as I have o f t e n p r o v e d . The c h i e f 
d e f e c t o f t h i s powder i s s o f t a e s s o f g r a i n , b u t i t i g n i t e s w i t h 
g r e a t f a c i l i t y , and f i r e s w i t h s u f f i c i e n t r a p i d i t y i n a p e r c u s s i o n 
gun t o answer a l l common purposes,, Having secured the c o n f i d e n c e 
o f a gentleman of u n c e r t a i n p r o f e s s i o n , who spent a g r e a t d e a l of 
h i s t i m e amongst t h e mountain passes l e a d i n g f r o m Salobrena and 
Almunecar, armed w i t h a b l u n d e r b u s s f o r d e f e n c e , i t i s supposed,, 
the w r i t e r of these pages was f a v o u r e d w i t h a p r i v a t e i n s p e c t i o n 
of the domestic powder manufacture<, A m o r t a r was employed f o r 
b r a y i n g the t h r e e components t o g e t h e r , moistened w i t h w a t e r , and 
the h a l f d r y paste was g r a i n e d by p r e s s u r e t h r o u g h a s i e v e s no 
p r e l i m i n a r y compression h a v i n g been employed, and hence t h e 
s o f t n e s s of t h e grain<>" 
P r o j e c t i l e Weapons of_J^_r_afi_d J!xpjLo_sive JJojm30unds_, 
by Dohn S c o f f e r n , MoEU London; Cook & W h i t l e y , 
1852,, 2nd Edn„ A p r i l 1853, p o 1 5 9 0 
So f a r as can be d e t e r m i n e d t h e r e was no s p e c i a l a t t e m p t t o l e v y 
t a x a t i o n upon gunpowder i n the U n i t e d Kingdoms t h e r e was, t h e r e f o r e , 
no m o t i v e f o r i l l i c i t manufacture,, I n France where p r o d u c t i o n was a 
Government monopoly t h e r e was an a t t e m p t t o r e g u l a t e t h e use t o which 
t h e v a r i o u s grades of gunpowder were p u t by a l t e r i n g t h e p r o p o r t i o n s of 
the i n g r e d i e n t s used,, EjigJ-neering f o r 1 8 t h August 1870 mentions t h a t 
the French Government was d o i n g what i t c o u l d t o d i s c o u r a g e t h e use o f 
mi n i n g powder as a p r o p e l l a n t i n s p o r t i n g guns by i n c r e a s i n g t h e 
p r o p o r t i o n s of both s u l p h u r and o f over=burned c h a r c o a l o 
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Cojnpressed Black Gunpowder 
W i t h o u t known e x c e p t i o n a l l o f the compressed gunpowders which 
were the s u b j e c t o f e x p e r i m e n t a t i o n and t r i a l between 1870 and 1878 
were common b l a c k gunpowder o f the t r a d i t i o n a l B r i t i s h f o r m u l a t i o n , , 
The c h i e f r e p r e s e n t a t i v e of t h e few compressed bla c k gunpowder 
m i n i n g e x p l o s i v e s which were essayed was E0S.R. ( E x t r a S t r o n g M i n i n g ) 
powder, which was made by Ptessrs. C u r t i s and Harvey, 
(The most extended discussions, a l m o s t t h e o n l y contemporary 
d i s c u s s i o n , o f t h i s e x p l o s i v e which i t has been p o s s i b l e t o 
c o n s u l t i s F r e d e r i c k Augustus Abel's 1880 paper, ' E x p 1 o s i v e Agents 
a p p l i e d t o I n d u s t r i a l Purposes'," I t i s hard n o t t o conclude 
t h a t t h i s f o r m o f gunpowder was the s u b j e c t o f so much d i s c u s s i o n 
because i t was a v e h i c l e f o r a more extended q u a r r e l which went 
on over many y e a r s and w i t h some acrimony between A b e l , as the 
g u n - c o t t o n p r o d u c e r s ' a g e n t , Mr, Orlando WeBb, who was a f r i e n d 
o f A l f r e d Nobel and c o n s e q u e n t l y a p a r t i s a n f o r the n i t r o n -
g l y c e r i n e e x p l o s i v e s , and Mr, Andre, who, i f he was n o t an a c t i v e 
s u p p o r t e r of t h e gunpowder trades,' 1" was a t l e a s t ever ready t o 
c o u n t e r , u s u a l l y w i t h some i n c i s i v e n e s s , Abel's s c a t h i n g a t t a c k s . 
We can o n l y be g r a t e f u l t h a t t h e se men chose t o a i r t h e i r 
p r e j u d i c e s b e f o r e t h e i r peers a t the I n s t i t u t e o f C i v i l 
E n g i n e e r s , f o r i n d o i n g so t h e y s t r o v e t o b r i n g i n t o r e c a l l 
i n c i d e n t s and f a c t s t h a t o t h e r w i s e would not have been r e c o r d e d ) , 
EoS.M. was C u r t i s and Harvey's response t o c o m p e t i t i o n , , I t was 
t h e f i r m ' s a t t e m p t t o upgrade i t s p r o d u c t t o meet c o m p e t i t i o n f r o m the 
p o w e r f u l new e x p l o s i v e s which were b e g i n n i n g t o t a k e over some of the 
work which had always been done by b l a c k powder 0 The c o m p e t i t i o n was 
i n an area where, i n terms o f the w e i g h t o f e x p l o s i v e s used -= i n 
b l a s t i n g e x p l o s i v e s i t was most t e l l i n g . 
C o m m e r c i a l l y , t h e gunpowder t r a d e was w e l l a b l e t o cope w i t h 
c o m p e t i t i o n f r o m the p r o d u c e r s of e i t h e r g u n - c o t t o n or dynamite t h a n 
these were a b l e t o compete w i t h i t 0 They were, as w i l l be d i s c u s s e d 
(Paper No,1712), ' E x p l q s i V B _ A g e n t s A p p l i e d _ t ^ J n d u s j t r ^ a l _ P u r p o s e s ' 
by FoA„ A b e l , F , L S 0 e t c , Proceedings o f t h e I n s t i t u t i o n of C i v i l 
E n g i n e e r s , V o l , L X I , 23rd Rarch 1880 o 
nr. Andre was w e l l enough known l a t e r t o t h e ' C u r t i s ' o f the gunpowder 
f i r m , C u r t i s and Harvey, t o be w i t h him j o i n t p a t e n t e e o f an 
e x p l o s i v e c a l l e d 'A mberite'„ 
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p r e s e n t l y , i n c o m p e t i t i o n w i t h each other,. The gunpowder t r a d e = i n 
which C u r t i s and Harvey was by 1B70 f o r e m o s t -= was w e l l e s t a b l i s h e d i n 
b o t h i t s markets and i t s t e c h n i c a l r e p u t a t i o n , , Both g u n ~ c o t t o n and 
dynamite had s u f f e r e d l o n g p e r i o d s d u r i n g which they were t h o r o u g h l y 
d i s c r e d i t e d as b e i n g t o o dangerous f o r use, 
I t was i n i t s c h e m i c a l c o n s t i t u t i o n t h a t gunpowder had v i r t u a l l y 
reached i t s l i m i t s , , I f l o n g e x p e r i e n c e had i n d i c a t e d t h a t t h e r e was 
u n l i k e l y t o be any e x t e n s i o n of gunpowder's powers, i n c r e a s i n g c h e m i c a l 
knowledge was t o c o n f i r m it„ The f i r m , no doubt because of i t s l a r g e 
f i x e d i n v e s t m e n t i n gunpowder making p l a n t , t u r n e d t o the o n l y two 
i n n o v a t i o n s which they might a p p l y w i t h o u t t h e i r h a v i n g t o change t h e 
e s s e n t i a l n a t u r e o f the gunpowder they produced,. The i d e a was t o pack 
more gunpowder i n t o a b l a s t i n g c a r t r i d g e t h a n had h i t h e r t o been the 
p r a c t i c e , and t o cause t h a t gunpowder t o e x p l o d e more v i o l e n t l y t h an 
ever before,. The two means whereby t h i s was t o be a c h i e v e d w i l l be 
c o n s i d e r e d i n turn,, 
By a bout 1860, mechanical e n g i n e e r i n g t e c h n o l o g y and m e t a l l u r g y 
a p p l i e d t o t h e making o f heavy a r t i l l e r y p i e c e s had leaped ahead of the 
c h e m i c a l knowledge a v a i l a b l e f o r t h e p r o d u c t i o n o f s u i t a b l e p r a p e l l a n t s 0 
There was a need t o f i n d a p r o p e l l a n t which would p l a c e l e s s s t r e s s on 
t h e b a r r e l of t h e gun, w h i l e a t t h e same time m a i n t a i n i n g the i n i t i a l 
v e l o c i t y o f t h e s h e l l 0 For a t i m e t h e answer seemed t o l i e i n t h e use 
of very l a r g e g r a i n s of gunpowder pressed t o an extreme hardness. The 
work was begun i n the U n i t e d S t a t e s by General Rodman and Dr. Doremuss,, 
There was a g e n e r a l i n t e r e s t i n such compressed gunpowders by a l l t h e 
major powers,, I n the U n i t e d Kingdom these powders were produced a t 
b o t h t h e Ualtham Abbey m i l l s and by C u r t i s and Harvey a t Hounslow 0 
" M a t e r i a l c o n c e r n i n g t h e i n t r o d u c t i o n o f 'pebble' and o t h e r v e r y l a r g e 
g r a i n gunpowder belongs p r o p e r l y t o t h e h i s t o r y of m i l i t a r y t e c h n o l o g y 
and cannot be t r e a t e d here o t h e r than t o use i t t o s u p p o r t c e r t a i n 
d e d u c t i o n s t o be drawn from the m a t e r i a l , i n c i d e n t a l l y 0 Good extended 
accounts o f the manufacture and t e s t i n g o f these s p e c i a l powders can be 
found i n ? TjTe__Enc Line_er s 16 o2„70, p„lB3 e t seq„s £QSi™lGJ±nas> 3 1 ° 3 ° 7 1 ' 
p„211 e t seq'o ; Chemica)^J\e\xisL, 1„ 9„71, p„101 e t seq„ 
=63-
The e s s e n t i a l s of the i d e a were g i v e n i n an a r t i c l e w hich appeared 
i n T j l ! L ^ - - n - 9 j - n e e r f ° r 1 8 t h January 1867; 
"Since t h e i n t r o d u c t i o n of r i f l e d a r t i l l e r y t h e s i z e of 
powder g r a i n s has been enormously i n c r e a s e d , w i t h t h e i n t e n t 
of d i m i n i s h i n g t h e s t r a i n v i s i t e d upon t h e ordnance, The 
Americans have indeed gone t o the extreme of a b o l i s h i n g g r a i n s 
a l t o g e t h e r , o r , i f t h e e x p r e s s i o n be more a l l o w a b l e though 
seemingly p a r a d o x i c a l , t h e y have manufactured each s p e c i f i c 
ordnance charge as one enormous g r a i n , , " 
C u r t i s and Harvey were a l r e a d y engaged i n the manufacture of 
gunpowder i n t h e f o r m of h i g h l y compressed p e l l e t s o I t had a l r e a d y 
i n v e s t e d i n the plant,, The magazine £n£ii2£2£inJ, f ° r 3 1 s t March 1871 
r e p o r t s s 
"Observing t h e tendency of a r t i l l e r i s t s b o t h a t home and 
abroad t o adopt p e l l e t powder f o r heavy guns, Fir,, Jabez Dames 
t u r n e d h i s a t t e n t i o n t o t h e p r o d u c t i o n of a s i m p l e and s a f e 
press f o r t h e manuf a c t u r e o f t h e p e l l e t s . I n 1869 he succeeded 
i n p e r f e c t i n g an a p p a r a t u s which he p a t e n t e d and which was a t 
once adopted by Messrs,, C u r t i s and Harvey a t whose works a t 
Hounslow t h e r e a r e now, and have been f o r the pa s t two y e a r s , 
f i v e of these machines w o r k i n g w i t h p e r f e c t s uccess," 
There f o l l o w s a d e s c r i p t i o n o f the machines. These were e s s e n t i a l l y 
a h y d r a u l i c press o p e r a t i n g on a l a r g e p l a t e , p e r f o r a t e d w i t h holes o f 
the s i z e i t was wished t o make the p e l l e t s ^ each of t h e hol e s was 
f i t t e d w i t h an a c c u r a t e l y machined ram t o a c t on t h e column of i n c l o s e d 
gunpowder, A r e v e a l i n g f a c t g i v e n i s t h a t t he p r e s s u r e under which 
t h e powder f o r p e l l e t p r o p e l l a n t was compressed was 1,025 l b , (72 Kg/ 
sq,cm 0) ( a l s o t h a t Russian powder of the same type made a t the Okta 
f a c t o r y was compressed a t 2,150 l b s , per square i n c h ( 1 5 1 K g / s q , c m 0 ) ) 0 
I t m i ght be supposed, t h e r e f o r e , t h a t when the f i r m came t o make E.S.F). 
powder s i m i l a r h i g h p r e s s u r e s were used. The o n l y problem which might 
have been enc o u n t e r e d here was t h a t i t i s o f t e n d i f f i c u l t t o apply 
g r e a t p r e s s u r e u n i f o r m l y t h r o u g h o u t a column o f p a r t i c u l a t e m a t e r i a l 
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when t h a t column i s o f any d e p t h , E , S , F l o powder may f o r t h i s reason 
have been pressed i n s u c c e s s i v e i n c r e m e n t s , so as t o b u i l d up a l e n g t h 
of s o l i d c a r t r i d g e g r a d u a l l y . E q u a l l y , i t may be t h a t c a r t r i d g e s were 
r a t h e r s h o r t ; v e r y l o n g c a r t r i d g e s , no m a t t e r how w e l l c o n s o l i d a t e d , 
must have been somewhat b r i t t l e . There i s i n f a c t no i n d i c a t i o n o f 
j u s t how l o n g E,S,FI, c a r t r i d g e s were. The t e r m c o u l d as w e l l have 
been used t o d e s c r i b e c y l i n d e r s o f powder o n l y a l i t t l e l o n g e r than 
t h e y were wide. The p o s t u l a t e d a d a p t a t i o n of the pebble g r a i n a r t i l l e r y 
powder machines may have been m i n i m a l . 
Whatever became of ve r y l a r g e g r a i n ordnance powders, the f i r m 
o f C u r t i s and Harvey had c l e a r l y o v e r e x t e n d e d i t s r e s e a r c h and d e v e l o p " 
ment dep a r t m e n t . There was no immediate o r d e r f o r t h e pebble powder. 
The a r t i c l e i n .EjTgi_ne_ej:inq f o r 3 r d March 1871 ( p , 2 2 2 ) , a l r e a d y c i t e d , 
c o n t a i n s t h e f a l l o w i n g r e p r o a c h f u l o b s e r v a t i o n ; 
"The machine i s worked by t h r e e men, and the p e l l e t s 
produced are c l e a n made and h a r d , a l t h o u g h up t o the p r e s e n t 
t i m e these p e l l e t s have not proved such a success as t o l e a d 
t o t h e i r i n t r o d u c t i o n i n t o t h e s e r v i c e , nor even t o t h e 
d u p l i c a t i o n o f t h e s o l i t a r y m i l l a t t h e Waltham m i l l s , , = " 
F i v e e x p e n s i v e machines were n o t t o be a l l o w e d t o l i e i d l e f rom 
1867 t o 1871. 
The Use o f Black Gunpowder i n B l a s t i n g 
D i s c u s s i o n o f the t e c h n i q u e s which came t o be used i n the p l a c i n g 
and f i r i n g o f charges o f b l a c k gunpowder w i l l be d e f e r r e d u n t i l a 
l a t e r c h a p t e r when th e t o p i c ' B i c k f o r d Fuse' w i l l be c o n s i d e r e d . The 
reason f o r t h i s d e f e r m e n t i s s i m p l y one o f economy. By c a r r y i n g f o r w a r d 
t h e d i s c u s s i o n t o a p o i n t i n t h e work where t h e methods used can be 
d e s c r i b e d as g e n e r a l p r a c t i c e s , a p p l i e d w i t h o u t s p e c i a l r e g a r d t o t h e 
p a r t i c u l a r e x p l o s i v e agent b e i n g used, i t w i l l bo p o s s i b l e t o a v o i d what 
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was f o r e s e e n as a t i r e s o m e r e p e t i t i o n . 
B l a s t i n g w i t h gunpowder had been a commonplace l o n g b e f o r e the 
" I T 
opening of the n i n e t e e n t h century,, The s c a l e o f t h e work was u s u a l l y 
s m a l l . Only i n c e r t a i n k i n d s o f 'hasty m i l i t a r y d e m o l i t i o n s ' were 
r e l a t i v e l y l a r g e i n d i v i d u a l b l a s t s i n i t i a t e d , , A c i v i l i a n b l a s t i n g 
o p e r a t i o n of any magnitude was the e x c e p t i o n , and a t t r a c t e d the n o t i c e 
of t h e p r e s s . The P r a c t i c a l Mechanic's J o u r n a l f o r 1 s t March 1870 
devotes a paragraph t o a d e s c r i p t i o n of a l a r g e b l a s t . T h is i s 
r e p r e s e n t a t i v e of many l i k e a c c o u n t s which appeared i n the j o u r n a l s 
over t h e y e a r s ; 
"A l a r g e b l a s t . = H e c e n t l y a t the e x t e n s i v e l i m e q u a r r i e s 
of Messrs. B r i g g s , s i t u a t e d a t S a l t h i l l , near C l i t h e r o e , one o f 
t h e l a r g e s t b l a s t i n g o p e r a t i o n s ever a t t e m p t e d i n t h a t p a r t of 
t h e c o u n t r y was s u c c e s s f u l l y b r o u g h t t o a c o n c l u s i o n . At 
S a l t h i l l t h e r e i s a p e r p e n d i c u l a r f a c e o f mountain l i m e s t o n e 
s i x t y f e e t ( I B m„) i n h e i g h t . A t u n n e l , t w e n t y = e i g h t yards 
(25.6 m.) i n l e n g t h , had been bored i n t h e f a c e , and s i x t y c.w.t. 
(3048 Kg.) of gunpowder w e l l w a l l e d i n a t t h e upper end. Three 
fu s e s were l i g h t e d a t 2.20 p 0m., and a t 2.54 p.m. a mass of a t 
l e a s t 50,000 tons (50802 t o n n e s ) of s o l i d l i m e s t o n e was l i f t e d 
p e r p e n d i c u l a r l y a h e i g h t o f t h i r t y or f o r t y y a rds (27.5 m - 36.6 m,) 
So t r u l y wes th e v e r t i c a l movement a f f e c t e d t h a t n o t a s i n g l e 
s t o n e was thrown a d i s t a n c e of more t h a n e i g h t y a r d s , (65 m 0) 
The huge mass went up t o g e t h e r i n t o the a i r , and, though 
c r u m b l i n g i n the d e s c e n t , f e l l w e l l t o g e t h e r . Most of those 
p r e s e n t were s c i e n t i f i c men, and a f t e r w a r d s d i n e d t o g e t h e r w i t h 
Messrs. B r i g g s 0 " 
The r e l a t i v e l y l a t e d a t e o f t h i s use of a l a r g e q u a n t i t y of b l a c k 
gunpowder s h o u l d be n o t e d . The f e s t i v e atmosphere o f the o c c a s i o n 
a s i d e , the d e s c r i p t i o n i n one of an e f f i c i e n t l y managed b l a s t i n g 
o p e r a t i o n . A l o u d c o n c u s s i o n and much f l y i n g d e b r i s i s the mark of a 
w a s t e f u l b l a s t . Three tons of e x p l o s i v e a t a s i n g l e f i r i n g i s a l a r g e 
charge by any s t a n d a r d . 
s One of t h e e a r l i e s t r e c o r d e d r e f e r e n c e s t o r o c k b l a s t i n g w i t h gun= 
& powder i n t h e U n i t e d Kingdom i s r e c o r d e d i n t h e P h i l o s o p h i c a l Trans-= 
t^ - a c t i o n s o f the^ Royal j j _ c i e j t y , 1665=1666, pp<,82-85. The paper i s 
* e n t i t l e d : : "A ua^^co^Jnrej^k j ^ s j U ^ 
^ communicated__by the same p e r s o n ^ a s he r e c e i v e d i t f r o m Monsieur 
du Son, t h e i n v e n t o r . " 
t£ A d e t a i l e d account o f t h e une o f gunpowder i n a l l k i n d s o f m i l i t a r y 
e n g i n e e r i n g works can be found i n J j ^ s t r u i c t i o n s J;a r'TjJ^itnr^y^rjo^^nej^rs 
( S e c t . 2 3 ) 01870,School of M i l i t a r y EncYneerTngVchatnam "Hty^C.Ul. ',-^asIey)p 
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I f the use o f gunpowder d e c l i n e d i t d i d so v e r y g r a d u a l l y 
indeedo Oscar Guttman, w r i t i n g as l a t e as 1912, i n h i s book, 
T w ^ j ^ ^ G j y r s _ P r o g r e s s ^ n E x p l o s i v e s , ( p 0 3 5 ) g i v e s h i s own i m p r e s s i o n 
o f t h e uso o f gunpowder; 
" I n common w i t h o t h e r s I once t h o u g h t t h a t t h e use of 
b l a c k gunpowder was d y i n g o u t , and t h i s perhaps w i l l a c t u a l l y 
be t h e case one day 5 b u t I confess t h a t I d i d n o t reckon 
s u f f i c i e n t l y w i t h t h e c o n s e r v a t i v e i n c l i n a t i o n of t h e miner, 
who i n many cases c l i n g s t e n a c i o u s l y t o the o l d b l a c k powder <,«<, 
b l a s t i n g powder i s s t i l l s o l d t o such an e x t e n t t h a t i n t h e 
mines and q u a r r i e s o f t h i s c o u n t r y a l o n e n e a r l y 7,000 tons 
(6,889 tonnes) of i t , or more than h a l f the t o t a l w e i g h t of a l l 
e x p l o s i v e s , were used i n 1 9 0 7 o " 
And, f i n a l l y ; 
"There has been p r a c t i c a l l y no p r o g r e s s made i n b l a c k 
powder w i t h i n t h e l a s t t w e n t y y e a r s . " 
A d d i t i o n a l Mote 
W i t h o u t d o u b t , the most comprehensive and d e t a i l e d account o f 
a l l t h e s t a g e s i n t h e manufacture of good q u a l i t y gunpowder i s t o be 
i n t h o j o u r n a l E n g i n e e r i n g of 4 t h January! 18th Januarys 8 t h Februarys 
22nd Februarys 1 5 t h March, and 2 9 t h March 1878, w r i t t e n by Mr, Dames fl.C. 
Hay, Fiembo I n s t o M„E 0 and Assoc 0 Inst» C„E<,, & C0 T h i s s e r i e s o f 
a r t i c l e s c o u l d be s a i d t o d e s c r i b e gunpowder making a t t h e v i r t u a l 
peak of i t s development,. The d a t e of the a r t i c l e i s some t h r e e years 
l a t e r t h an t h e t i m e chosen f o r the c l o s i n g o f t h i s s t u d y , b u t f o r the 
v e r y reason t h a t i t can be h e l d t o r e p r e s e n t a summation of a l l t e c h n i c a l 
development up t o t h a t p o i n t , i t i s c i t e d . Where the a r t i c l e i n Abraham 
Ree's Cyclopedia^ o f f e r e d what was e s s e n t i a l l y an e i g h t e e n t h c e n t u r y v i e w , 
JoAoC, Hay's work has a s h a r p l y modern, an a l m o s t t w e n t i e t h c e n t u r y , 




The i n c l u s i o n of a c o n s i d e r a t i o n of the d i s c o v e r y of mercury 
f u l m i n a t e , and of e a r l y a t t e m p t s t o make use of t h e d i s c o v e r y , r e q u i r e s 
some e x p l a n a t i o n , and some j u s t i f i c a t i o n , , The i n c l u s i o n does i n d e e d go 
beyond t h e d e c l a r e d bounds of t h i s d i s s e r t a t i o n . But t h e d i g r e s s i o n w i l l 
be s t r i c t l y l i m i t e d and w i l l s e r v e some u s e f u l purpose. The h i s t o r y of 
t e c h n o l o g y no more comes i n d i s c r e t e hundred year chunks than does 
p o l i t i c a l or s o c i a l h i s t o r y , even though t h e f i r m l y r e c o r d e d d a t e o f t h i s 
or t h a t i n v e n t i o n may sometimes g i v e the i m p r e s s i o n t h a t t h i s i s so. 
The c h o i c e was between c r o s s i n g a d e c l a r e d boundary or l e a v i n g a s t r i k i n g 
h i a t u s o Along w i t h b l a c k gunpowder, o n l y the f u l m i n a t e s have any c e r t a i n 
a n t i q u i t y . Of a l l the e x p l o s i v e substances t f j a t were d i s c o v e r e d d u r i n g 
t h e n i n e t e e n t h c e n t u r y , o n l y mercury f u l m i n a t e , among th e useable 
e x p l o s i v e s , had i t s d i s c o v e r y and t h e w o r k i n g o u t o f s a f e and economical 
ways of p r e p a r i n g t h e compound b e f o r e t h e p e r i o d 1B25 - 1875, The l a r g e r 
p a r t o f t h e s o urce m a t e r i a l f o r t h i s s t u d y comes fr o m t h i s e a r l i e r t i m e 
and had p e r f o r c e t o be f o l l o w e d where i t l e d , 
A necessary d i g r e s s i o n h a v i n g been d e c l a r e d , i t s e x t e n t w i l l be 
g i v e n p o i n t by p o i n t s 
( a ) Except f o r p a s s i n g r e f e r e n c e , o n l y mercury f u l m i n a t e w i l l be 
t r e a t e d because o n l y mercury f u l m i n a t e was t o be used e x t e n s i v e l y 
i n p r a c t i c e 0 
( b ) The two p r i n c i p a l uses f o r mercury f u l m i n a t e were, i n t h e 
f i r s t i n s t a n c e , as t h e a c t i v e agent i n p e r c u s s i o n caps, and, i n 
the second, as t h e i n i t i a t o r o f o t h e r explosives,, The development 
of t h e p e r c u s s i o n cap i s n o t seen as a p a r t o f the p r e s e n t study,, 
M a t e r i a l which r e f e r s t o p e r c u s s i o n i g n i t i o n w i l l be i n t r o d u c e d , 
b u t i t w i l l o n l y be used so f a r as i t helps something s i g n i f i c a n t 
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t o bs s a i d o f t h e development o f mercury f u l m i n a t e , 
( c ) The q u e s t i o n of primacy o f i n v e n t i o n or d i s c o v e r y i s more t h a n 
o r d i n a r i l y vexed i n t h e case of mercury f u l m i n a t e . I n t h i s work 
the q u e s t i o n w i l l be o n l y b r i e f l y rounded out$ and t h i s o n l y so 
t h a t the q u e s t i o n can, f o r s u f f i c i e n t r e a s o n , be q u i c k l y p u t a s i d e . 
The E a r l y H i s t o r y o f t h e F u l m i n a t e s 
At f i r s t s i g h t i t may appear remarkable t h a t mercury f u l m i n a t e 
remained f o r so l o n g a chance d i s c o v e r y , something s t u m b l e d upon from 
t i m e t o t i m e by e m p i r i c a l c h e m i s t s , w o r k i n g l o n g b e f o r e C E , Howard 
-;!• 
p u b l i s h e d p r e c i s e d i r e c t i o n s f o r i t s p r e p a r a t i o n , Kunckle i s s a i d 
t o have o b t a i n e d an impure specimen of i t i n 1700 o The Dutch c h e m i s t , 
C o r n e l i u s Drebble (1572 - 1 5 3 3 ) , has been c i t e d as an even e a r l i e r 
d i s c o v e r e r . C e r t a i n l y i t was n o t f o r want of any of t h e t h r e e 
c h e m i c a l s needed f o r i t s p r e p a r a t i o n t h a t i t was n o t d i s c o v e r e d , nor 
was i t t h a t t h e a v a i l a b l e c h e m i c a l s were n o t of a s u f f i c i e n t p u r i t y D 
The reason f o r t h e a p p a r e n t e l u s i v e n e s s l i e s n o t so much i n t h e 
p u r i t y of the c o n s t i t u e n t s as such. I t i s r a t h e r t h a t t h e p r e c i p i t a t i o n 
o f a pure compound depends, c r i t i c a J L l y ^ , upon the p r o p o r t i o n s i n which 
t h e c o n s t i t u e n t s are b r o u g h t t o g e t h e r . I t w i l l be a p p r o p r i a t e here t o 
q u o t e a r e l a t i v e l y modern a u t h o r i t y ; 
c o n s i d e r a b l e s u p e r v i s i o n i s n e c e s s a r y , a s 5 u n l e s s the 
c o r r e c t p r o p o r t i o n s o f t h e i n g r e d i e n t s are s t r i c t l y adhered t o , 
a very i n f e r i o r p r o d u c t r e s u l t s , w h i l s t as c o m p a r a t i v e l y s m a l l 
v a r i a t i o n i n thB p r o p o r t i o n s r e s u l t s i n no f u l m i n a t e being formed," 
r-iodern E x p l o s i v ejs, C o l v e r , 1918, 
•'<• and A__History of C h e m i s t r y by 3,R„ P a r t i n g t o n , M,B,E, D 0Sc„ 
V 0 I 0 I I 0 9 p„377 "(and f o o t n o t e s ) ? V o l , I I I , p 0257 (and 
f o o t n o t e s ) , Pub<, f l a c m i l l a n 1964, London 0 
Ruch of the a t t e n t i o n which had e a r l y a t t a c h e d i t s e l f t o the 
f u l m i n a t e s was due t o t h e i r s p e c t a c u l a r p r o p e r t y o f d e t o n a t i o n . 
That i s t o say t h e e x p l o s i o n was o f extreme r a p i d i t y . T h i s extreme 
r a p i d i t y o f c h e m i c a l r e a c t i o n a l l o w e d the f o r c e o f t h e e x p l o s i o n t o 
f o l l o w the l i n e of mosjt r e s i s t a n c e . Gunpowder f o l l o w e d the l i n e o f 
l e a s t r e s i s t a n c e , which was why i t had t o be s t r o n g l y c o n f i n e d t o 
produce an e x p l o s i o n a t a l l . No l e s s an o b s e r v e r t h a n Samuel Pepys 
saw a d e m o n s t r a t i o n of aurum f u l m n i a n s i n 1663 p and noted p a r t i c u l a r l y 
t h a t a few g r a i n s o f the substance heated i n t h e bowl o f a s i l v e r spoon 
s t r u c k djjwnward when i t went o f f 0 T h i s was c o n t r a r y t o common e x p e r i e n c e 
and e x p e c t a t i o n . 
But f u l m i n a t i n g g o l d and s i l v e r c o u l d be no more than c h e m i c a l 
c u r i o s i t i e s . I n a d d i t i o n t o b e i n g e x p e n s i v e t o make i n any but minute 
q u a n t i t i e s , they were a l s o e x t r e m e l y s e n s i t i v e and hence dangerous 0 
The d i s c o v e r y of the f u l m i n a t e o f mercury by Howard meant t h a t f o r the 
f i r s t t i m e . t h e r e was a v a i l a b l e a f u l m i n a t i n g compound t h a t was 
c o m p a r a t i v e l y cheap t o make, and c o u l d , t h e r e f o r e , be produced i n some 
q u a n t i t y , , I t was, moreover, q u i t e s t a b l e and r e j ^ a t i v e l y i n s e n s i t i v e . 
D e t o n a t i o n as a p h y s i c a l phenomenon was amenable t o s t u d y . 
I t cannot be a p a r t o f t h e p r e s e n t work t o a t t e m p t t o t r a c e the 
h i s t o r y o f the f u l m i n a t i n g substances f u r t h e r . The r e f e r e n c e s t o them 
fou n d i n t h e l i t e r a t u r e so f a r have been s e d u c t i v e l y f a s c i n a t i n g , , But 
t h e y s t r e t c h backwards i n t i m e , c o n t r a r y t o t h e d i r e c t i o n i n which t h i s 
s t u d y i s aimed. Consequently, and i n o r d e r t o r u l e a f i r m l i n e under 
t h e above s t a t e m e n t , a chance come-across but s i n g u l a r l y a p t q u o t a t i o n 
which p o i n t s up t h e n a t u r e of t h e problems which have been encountered 
i n p r e v i o u s a t t e m p t s t o d e t e r m i n e f i r m o r i g i n s f o r the f u l m i n a t e s i s 
-"-(Quoted i n Explo_siye_s by 3, Read, Penguin, 1942), 
Samuel Pepys D i a r i e s ^ ; 1 1 t h November 1663 0 
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t a k e n f r o m D, Beckman's H i s t o r y of I n v e n t i o n s and D i s c o v e r i e s , t r a n s l a t e d 
by J o h n s t o n , (Uolume I ) , Bonn's S c i e n t i f i c L i b r a r y , London, 1846, 
The e x t r a c t concerns f u l m i n a t i n g g o l d , b u t i t a p p l i e s e q u a l l y w e l l 
t o t h e o t h e r f u l m i n a t e s ; 
"He who a t t e m p t s t o t r a c e o u t the i n v e n t i o n o f aurum 
f ulmpijans i s l i k e a person b e w i l d e r e d i n a morass, i n danger 
every moment of being l o s t , I a l l u d e here t o t h e immense 
w i l d e r n e s s o f the a n c i e n t a l c h e m i s t s , , . " 
The D i s c o v e r e r of Mercury F u l m i n a t e 
The i d e n t i t y o f the ' r e - d i s c o v e r e r * of mercury f u l m i n a t e i n e a r l y 
modern times was, and p r o b a M y s t i l l i s , i n p a s s i v e d i s p u t e . The 
p r i n c i p a l c a n d i d a t e , a f t e r Howard, i s the Frenchman, P i e r r e Bayen, 
who was c h i e f m i l i t a r y p h y s i c i a n t o L o u i s XIV, Howard h i m s e l f was 
w e l l aware o f the c l a i m s made f o r Bayen and c o u n t e r e d them i n s c h o l a r l y 
f a s h i o n , c i t i n g French p u b l i s h e d p a p e r s , i n the course of h i s own paper 
on h i s d i s c o v e r y . 
I n the b r i e f e s t of t e r m s , Howard was of t h e o p i n i o n t h a t what 
Bayen had d i s c o v e r e d was a m i x t u r e of the n i t r a t e of mercury and 
s u l p h u r , and no t r u e f u l m i n a t e . 
At t h i s p o i n t , i n t h i s d i s s e r t a t i o n , t h e q u e s t i o n i s l e f t on t h e 
t a b l e . The a v a i l a b l e i n f o r m a t i o n , such as i t i s , i s g i v e n . Since 
o n l y E n g l i s h sources are r e a d i l y a v a i l a b l e , i t would n o t be p r o p e r 
here t o make any a s s e r t i o n s . For the purposes of t h i s s t u d y i t w i l l 
be assumed_ t h a t Howard i s o l a t e d the pure compound, Hg C2 l\)2 02, i n 1799, 
However, and j u s t t o k i t e a r a g of t h o area of p o s s i b l e d i s p u t e , 
a r e f e r e n c e from a c u r r e n t l y i n ~ p r i n t (1980) Frenjch work, w r i t t e n a t t h e 
s e m i - p o p u l a r l e v e l , i s here q u o t e d ; 
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"Le f u l m i n a t e de mercure av/ait e t e d e c o u v o r t , en 1775, 
par Bayen, Howard t r o u v a l e moyen de 1 ' u t i l i s e r comme 
amorce en l a melange du s a l p e t r e 0 " 
("Mercury f u l m i n a t e had been d i s c o v e r e d , i n 1775, by 
Bayen, Howard found the method of u s i n g i t as a p r i m i n g 
s u b s t a n c e , i n a m i x t u r e w i t h s a l t p e t r e 0 ) " 
L'Expansion De HacjTine_ 
by Daumas ( p , 4 6 4 ) , Presses U n i v e r s i t a i r e s 
De Trance; 1968, 
The above r e p r e s e n t s h i s t o r i c a l t r u t h a t the ' r e c e i v e d ' l e v e l 
f o r French s p e a k i n g peoples,, I t r e p r e s e n t s the e s t a b l i s h m e n t of 
' f a c t ' by t h e a c c r e t i o n of o p i n i o n . French sources w i l l t e n d t o 
s u p p o r t one p r o p o s i t i o n , E n g l i s h a c o n t r a r y one. A f t e r some time = 
as source b u i l d s upon source - the p o s i t i o n s become p o l a r i s e d a l o n g 
n a t i o n a l i s t l i n e s . The f a c t o f the m a t t e r may l i e somewhere a l o n g 
a c l i n e embodied i n t h e r e l a t i v e p r o p o r t i o n of mercury f u l m i n a t e , 
p r o p e r , o f n i t r a t e o f mercury, or o f f r e e m e t a l l i c mercury, p r e c i p i t a t i n g 
o u t a t t h e bottom o f a c h e m i s t ' s f l a s h . 
The d i s c o v e r y t h a t t h e Honourable Charles Edward Howard made, 
t h e n , was n o t so much t h e d i s c o v e r y of mercury f u l m i n a t e . That had, 
i t seems l i k e l y , been done c e n t u r i e s before,, I t i s r a t h e r t han 
Howard chanced upon c e r t a i n p r o p o r t i o j i s of the t h r e e c o n s t i t u e n t s which 
gave a sample o f the compound s u f f i c i e n t l y pure f o r i t s e x t r a o r d i n a r y 
p r o p e r t i e s t o demonstrate themselves. 
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Jjis_rjaJbo of^Howard's D i s c o v e r y 
The da t e o f Howard's d i s c o v e r y has been r e p r e s e n t e d v a r i o u s l y as 
1799 and 1800 o No c l o s e r d a t e has been fo u n d d u r i n g t h e p r e s e n t s t u d y c 
Howard's paper, "On a New F u l m i n a t i n g Mercury," was p u b l i s h e d i n the 
P h i l o s o p h i c a l Magazine f o r June of 1800, h a v i n g beforehand been read on 
th e 1 3 t h o f March 1800 t o t h e Royal Society„ However, the e d i t i o n o f 
th e P h i l o s o p h i c a l Magazine f o r June 1799 a d v e r t i s e s Howard's d i s c o v e r y : 
"We have now t o announce, t h a t a method o f p r e p a r i n g an 
oxyd o f mercury, d i f f e r e n t f r o m any d e s c r i b e d by Bayen or 
o t h e r s „,» has j u s t been d i s c o v e r e d by Mr, Howard, We have 
n o t y e t r e c e i v e d a c o r r e c t account of the process f o r p r e p a r i n g i t , , , " 
I t i s p o s s i b l e t o s p e c u l a t e h e r e . The e a r l i e s t date f o r the 
d i s c o v e r y would soem t o be some t i m e , mora or l e s s , b a f o r o the m i d d l e 
of 1799 0 And t h i s much a t l e a s t e s t a b l i s h e s the da t e t o the year. But 
was i t sooner than Dune 1799, or l a t e r ? P a r t i c u l a r l y , d i d Howard make 
h i s d i s c o v e r y w e l l b e f o r e Dune of 1799? Did he then have h i s s e r i o u s 
a c c i d e n t w i t h t h e compound? 
" I once poured s i x drams (15 gms) of c o n c e n t r a t e a c i d upon 
f i f t y g r a i n s o f powder. An e x p l o s i o n , n e a r l y a t the i n s t a n t 
of c o n t a c t , was e f f e c t e d ; I was wounded s e v e r e l y , and most of 
my a p p a r a t u s d e s t r o y e d , , „" 
Did t h i s i n c a p a c i t a t e him u n t i l some l i t t l e t i m e b e f o r e Dune 1799, 
when he was w e l l enough t o communicate t h e f a c t = b u t n o t the process = 
of h i s d i s c o v e r y t o the e d i t o r o f t h e P h i l o s o p h i c a l Magazine? I t 
c o u l d on the o t h e r hand be asked i f i t were n o t more l i k e l y t h a t Howard 
communicated h i s f i n d i n g s i n o u t l i n e , i n t e n d i n g t o e l a b o r a t e more f u l l y 
when he had completed h i s e x p e r i m e n t s , t h e n , d u r i n g the course of h i s 
e x p e r i m e n t s , he blew h i m s e l f up„ T h i s would account f o r t h e y e a r = l o n g 
d e l a y between t h e a d v e r t i s e m e n t o f t h e d i s c o v e r y and i t s p r e s e n t a t i o n 
i n a paper. I f , i n t h e above g i v e n q u o t a t i o n , t h e words, 'has j u s t J3ej3jn 
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d i s c o v e r e d ' 0 have any s i g n i f i c a n c e , t h e l a t t e r a l t e r n a t i v e would seem 
t o be t h e most l i k e l y ? C,E„ Howard d i s c o v e r e d h i s mercury f u l m i n a t e 
some l i t t l e t i m e b e f o r e 3une 1779, 
Howard's Researches i n t o t h e P r o p e r t i e s of Mercury F u l m i n a t e 
Having i s o l a t e d t h e new compound, Howard s e t o u t t o examine i t s 
p r o p e r t i e s f u l l y i n an extended s e r i e s of e x p e r i m e n t s . The e s s e n t i a l s 
o f h i s f i n d i n g s are here g i v e n . The headings r e f e r t o t h e s e c t i o n of 
Howard's a r t i c l e i n t h e P h i l o s o p h i c a l Magazine f r o m which they were t a k e n . 
S e c t i o n I , The f u l m i n a t e was s u s c e p t i b l e t o d e t o n a t i o n by 
s i m p l e p e r c u s s i o n . 
S e c t i o n I I . The f u l m i n a t e c o u l d be d e t o n a t e d by e l e c t r i c shocks 
5ec^tion_JIHo The f u l m i n a t e exploded a t a t e m p e r a t u r e o f 368 
degrees F a h r e n h e i t (187°C), 
S e c t i o n IV, The f u l m i n a t e d i d n o t produce any g r e a t r e c o i l when 
exploded i n a pow d e r - p r o o f , but t h a t i n t h e same t e s t i t s h a t t e r e d 
t h e b a r r e l of the p r o o f v e r y completely,, 
S e c t i o n V, The f u l m i n a t e was found t o be a c t u a l l y i n f e r i o r t o 
common gunpowder when i t was a t t e m p t e d t o use i t as a p r o p e l l i n g 
charge - but t h a t , as w i t h t h e powder-proof, t h e b a r r e l o f the 
gun was ' b u r s t i n an e x t r a o r d i n a r y manner 1 0 
S e c t i o n V I , That t h e f u l m i n a t e , a g a i n compared w i t h common 
gunpowder, as a b u r s t i n g c h a r g e , d i s p l a y e d a s e v e r e l y s h a t t e r i n g 
e f f e c t ; ' O,o the m e r c u r i a l powder appeared t o have a c t e d w i t h 
g r e a t e nergy, b u t o n l y w i t h i n c e r t a i n l i m i t s ! 0 
(The e x p e r i m e n t which came under the heading ' S e c t i o n V I I ' of 
Howard's a r t i c l e a l l o w e d no c e r t a i n c o n c l u s i o n s . He had a t t e m p t e d t o 
compare''..the y i e l d o f gas fr o m mercury f u l m i n a t e w i t h t h a t f r o m b l a c k 
The P h i l o s o p h i c a l Magazine and J o u r n a l , 1 0 t h J u l y 1800, Vol„VII, 
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pouder by e x p l o d i n g s m a l l q u a n t i t i e s o f each w i t h i n a c l o s e d g l a s s 
s p h e r e , and n o t i n g the amount o f d i s p l a c e m e n t when t h e gases r e s u l t i n g 
f r o m t h e e x p l o s i o n s were l e d under a g l a s s j a r i n which t h e r e was a 
head o f m e r c u r y 0 The e x p e r i m e n t was i n c o n c l u s i v e because, as Howard 
saw, the gases d e r i v i n g f r o m the c o n f l a g r a t i o n of t h e gunpowder were 
p a r t l y r e a b s o r b e d by the powder residues., 
But t h e means Howqrd employed a t t h i s e a r l y d a t e w a r r a n t s p e c i a l 
m e n t i o n ; 
" I p l a c e d t e n g r a i n s (6.48 grams) of the m e r c u r i a l powder 
on ve r y t h i n paper, Daid an i r o n w i r e 149th o f an i n c h (0.17 mm) 
t h i c k a cross t h e paper, t h r o u g h t h e m i d s t o f t h e powder, and, 
c l o s i n g t h e paper, t i e d i t f a s t a t b o t h e x t r e m i t i e s w i t h s i l k p 
t o t h e w i r e .., Such a charge of an e l e c t r i c a l b a t t e r y was then 
s e n t a l o n g t h e w i r e ... making the w i r e r e d h o t 0.." 
I n h i s e x p e r i m e n t s on mercury f u l m i n a t e E.G. Howard would appear 
t o have used what was, i n a l l i t s e s s e n t i a l s , an e l e c t r i c a l means of 
i g n i t i o n ) o 
S e c t i o n UIII„ That t h e b r i s s a n c e d i s p l a y e d by the mercury 
f u l m i n a t e c o u l d n o t be a t t r i b u t e d t o t h e mere volume of t h e 
gases g e n e r a t e d ; n o r , e n t i r e l y , t o t h e speed o f the r e a c t i o n , , 
(Howqrd, i t i s s u s p e c t e d , was t r y i n g t o express h i s i n s i g h t i n 
the terms of a nomenclature t h a t was n o t q u i t e adequate t o t h e concepts 
he wished t o e x p r e s s . T h i s i s n o t a t a l l s u r p r i s i n g ; t h e r e was l i k e l y 
t o have bean l i t t l e i n e i t h e r h i s p r e v i o u s r e a d i n g or h i s p r e v i o u s 
e x p e r i e n c e upon which he mi g h t base h i s e x p o s i t i o n . He w r i t e s , t o c i t e 
a s i n g l e example, of 'the r a p i d i t y of i t s co^mbj^stioin', and n o t of 
^ s t P i 1 a j j - 0 P.) ° 
The f o l l o w i n g s h o r t q u o t a t i o n s w i l l g i v e the e s s e n t i a l s of the 
i d e a s Howard wished t o espress i n S e c t i o n V I I I . 
( a ) "... i t i s n o t t o be supposed t h a t the g e n e r a t i o n , however, 
r a p i d , of f o u r c u b i c a l i n c h e s of a i r w i l l a l o n e account f o r the 
d e s c r i b e d f o r c e . „<," 
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( b ) "The sudden v a p o u r i s a t i o n o f a p a r t o f the mercury seems 
t o me the p r i n c i p a l cause of t h e immense, y e t l i m i t e d , f o r c e ? 
because i t s l i m i t a t i o n s may then be e x p l a i n e d , as i t i s w e l l 
known t h a t mercury e a s i l y p a r t s w i t h c a l o r i c and r e q u i r e s a 
t e m p e r a t u r e o f 600 degrees F a h r e n h e i t (316°C) t o be m a i n t a i n e d 
i n the vapour s t a t e o " 
( c ) "That mercury i s r e a l l y c o n v e r t e d i n t o vapour, by i g n i t i o n 
of t he powder, may be i n f e r r e d f r o m the t h i n c o a t o f d i v i d e d 
q u i c k s i l v e r , w h i c h , a f t e r t h e e x p l o s i o n i n the g l a s s g l o b e , 
covered i t s i n t e r i o r s u r f a c e 0 <,. " 
S e c t i o n IX 
Howard devotes S e c t i o n IX of h i s p u b l i c a t i o n t o d e s c r i b i n g i n 
d e t a i l h i s process f o r p r o d u c i n g mercury f u l m i n a t e , , A g a i n , h i s 
d e s c r i p t i o n shows m e t i c u l o u s o b s e r v a t i o n ? so much so t h a t i t promotes 
an i n c l i n a t i o n t o b e l i e v e t h a t l a t e r r e s e a r c h e s t e n d t o w a r d the merely 
r e p l i c a t i v e 0 L a t e r r e f i n e m e n t s took advantage of advances i n c h e m i c a l 
t h e o r y and i n t e c h n i q u e s f o r a c c u r a t e a n a l y s i s ; r e a l b u t r a t h e r 
p e d e s t r i a n advances l a y i n t h e management of b u l k p r o d u c t i o n and h a n d l i n g * 
The s e c t i o n i s here quoted almost i n i t s e n t i r e t y w i t h Howard's 
own f o o t n o t e s i n s e r t e d i n t o t h e main t e x t , w i t h i n brackets,, The 
passage i s g i v e n i n i t s e n t i r e t y because i t i s f e l t t h a t i t w i l l show 
t h a t when t h e process d e s c r i b e d by Howard i s compared w i t h those d a t i n g 
f r o m as much as f o r t y y e a r s l a t e r i t w i l l be a l l o w e d t h a t C E „ Howard 
had a r r i v e d q u i c k l y a t a process of manufacture t h a t was v i r t u a l l y complete, 
"„,,o 100 g r a i n s ( 6 0 5 grams), o f a g r e a t e r p r o p o r t i o n a l 
q u a n t i t y , o f q u i c k s i l v e r , n o t exceeding 500 g r a i n s ( 3 2 0 4 grams), 
( t h e reason of t h e l i m i t a t i o n i s n o t on account o f any danger 
a t t e n d i n g t h e process b u t because t h o q u a n t i t i e s of a l c o h o l 
r e q u i r e d f o r more than 500 g r a i n s would e x c i t e a degree o f heat 
d e t r i m e n t a l t o t h e p r e p a r a t i o n ) 0 are t o be d i s s o l v e d , w i t h h e a t , 
i n a measured ounce and a h a l f of n i t r i c a c i d ( o f s p e c i f i c g r a v i t y 
of about L 3 ) . T h i s s o l u t i o n , b eing poured c o l d upon two 
measured ounces o f a l c o h o l ( o f s p e c i f i c g r a v i t y o f about „849) s 
p r e v i o u s l y i n t r o d u c e d i n t o any c o n v e n i e n t g l a s s v e s s e l , a 
moderate heat i s t o be a p p l i e d u n t i l an e f f e r v e s c e n c e i s excited,, 
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A w h i t e fume t h a n b e g i n s t o u n d u l a t e on the s u r f a c e of the 
l i q u o r ? and t h e powder w i l l be g r a d u a l l y p r e c i p i t a t e d , upon 
t h e c o s s a t i o n o f t h e a c t i o n and r e a c t i o n , , 
The p r e c i p i t a t e i s t o be i m m e d i a t e l y c o l l e c t e d on a f i l t e r , 
w e l l washed w i t h d i s t i l l e d w a t e r , and c a r e f u l l y d r i e d i n a heat 
not much exceeding t h a t o f a water b a t h 0 The immediate e d u l c o r a t i o n 
o f the powder i s m a t e r i a l , because i t i s l i a b l e t o the r e a c t i o n of 
the acid? and w h i l s t any o f t h a t a c i d adheres t o i t , i t i s very 
s u b j e c t t o t h e i n f l u e n c e of l i g h t , , 
L e t i t a l s o be c a u t i o u s l y remembered, t h a t t h e m e r c u r i a l 
s o l u t i o n i s t o be poured upon the a l c o h o l o 
I have recommended q u i c k s i l v e r t o be used i n p r e f e r e n c e t o 
an oxyd, because i t seems t o answer e q u a l l y , and i s l e s s 
expensive? o t h e r w i s e , n o t o n l y the pure oxyd, and t u r p e t h may 
be s u b s t i t u t e d ? n e i t h e r does i t seem e s s e n t i a l t o a t t e n d t o 
the p r e c i s e s p e c i f i c g r a v i t y o f the a c i d or t h e a l c o h o l o The 
r e c t i f i e d s p i r i t of wine and t h e n i t r o u s a c i d of commerce never 
f a i l e d , w i t h me, t o produce a f u l m i n a t i n g m e r c u r y 0 I t i s indeed 
t r u e , t h a t t h e powder p r e p a r e d w i t h o u t a t t e n t i o n i s produced i n 
d i f f e r e n t q u a n t i t i e s , v a r i e s i n c o l o u r , and p r o b a b l y i n s t r e n g t h , , 
From a n a l o g y s I am d i s p o s e d t o t h i n k the w h i t e s t i s t h e s t r o n g e s t ? 
f o r i t i s w e l l known, t h a t b l a c k p r e c i p i t a t e s o f mercury approach 
n e a r e s t t o t h e m e t a l l i c s t a t e . The v a r i a t i o n i n t h e q u a n t i t y i s 
r e m a r k a b l e ; t h e s m a l l e s t q u a n t i t y I ever o b t a i n e d f r o m 100 g r a i n s 
( 6 0 4 8 grams) o f q u i c k s i l v e r b e i n g 120 g r a i n s (7„8 grams), and the 
l a r g e s t 132 g r a i n s ( 8 0 6 grams)„ Pluch depends on v e r y minute 
circumstances., The g r e a t e s t p r o d u c t seems t o be o b t a i n e d when a 
v e s s e l i s used which condenses and causes most e t h e r t o r e t u r n 
i n t o t h e mother l i q u o r ? b e s i d es w h i c h , care i s t o be had, i n 
a p p l y i n g the r e q u i s i t e h e a t , t h a t a speedy and n o t a v i o l e n t a c t i o n 
be e f f e c t e d , , 100 g r a i n s ( 6 0 5 grams) of an oxyd are n o t so 
p r o d u c t i v e as 100 g r a i n s of q u i c k s i l v e r o 
As t o t h e c o l o u r , i t seems t o i n c l i n e t o b l a c k , when the 
a c t i o n of the a c i d on the a l c o h o l i s most v i o l e n t , and v i c e v e r s a . " 
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Howard's D i s c o v e r y as an Example o f ' S e r e n d i p i t y ' 
SincB i n h i s paper Howard d e c l a r e s t h a t he was a t t e m p t i n g t o 
show t h a t hydrogen was t h e b a s i s o f m u r i a t i c a c i d ( H y d r o c h l o r i c a c i d ) 9 
t h e d i s c o v e r y o f mercury f u l m i n a t e must rank as a f i r s t r a t e example of 
S e r e n d i p i t y ; t h e f i n d i n g o f something of v a l u e w h i l e making a f u t i l e 
s e a r c h f o r something q u i t e d i f f e r e n t . 
I t m i ght a l s o be s a i d t h a t t h e d i s c o v e r y , and more t o t h e p o i n t , 
t h e s e c u r i n g o f the d i s c o v e r y , depended as much upon a n y t h i n g e l s e upon 
the a v a i l a b i l i t y o f a c c u r a t e measures and b a l a n c e s , and upon t h e 
p r a c t i c e of making an a c c u r a t e r e c o r d of what was done. Had Howard 
been k i l l e d d u r i n g t h e course of h i s re s e a r c h e s — as he so n e a r l y was — 
i t i s r e a s o n a b l e t o c o n j e c t u r e t h a t the e l u s i v e compound c o u l d have 
s l i p p e d back i n t o o b s c u r i t y , , Though, a g a i n , i t i s suspec t e d t h a t w i t h 
t h e g r e a t e x p a n s i o n of c h e m i c a l r e s e a r c h t h a t began e a r l y i n the 
n i n e t e e n t h c e n t u r y i t would n o t have l o n g remained so. The h i s t o r i c a l 
r e c o r d s c o n c e r n i n g the f u l m i n a t e s g e n e r a l l y were a v a i l a b l e , , I t i s 
observed t h a t C.U0 Scheele used t h e example of f u l m i n a t i n g g o l d t o 
s u p p o r t h i s arguments i n s u p p o r t of the P h l o g i s t o n T h e o r y 0 Because the 
f u l m i n a t e s r e p r e s e n t e d an ob v i o u s and t o beg i n w i t h , an only^ l e a d i n 
any s e a r c h f o r substances w i t h e x p l o s i v e p r o p e r t i e s , i t i s a l s o r e a s o n a b l e 
t o s u g g e s t t h a t t h e group of compounds would have come i n f o r some 
a t t e n t i o n . S y s t e m a t i c work on any of t h e few p o s s i b l e c o m b i n a t i o n s 
which l e a d t o the f o r m a t i o n of a m e t a l l i c f u l m i n a t e would, i t i s f e l t , 
have b e f o r e v e r y l o n g have l e d t o an inde p e n d e n t d i s c o v e r y , somewhere-
=78. 
The T r i a l s a t Woolwich 
Howard, as has a l r e a d y been s t a t e d , announced h i s d i s c o v e r y t o 
the Royal S o c i e t y on t h e 1 3 t h March 1800 o Before Dune of the same y e a r , 
Lord Howe, L i e u t e n a n t General o f t h e Ordnance, had g i v e n leave f o r t r i a l s 
t o t a k e p l a c e a t Woolwich,, I t s h o u l d be s a i d t h a t t h e term ' t r i a l s ' 
i s used l o o s e l y - t h e e x p e r i m e n t s which Howard s u p e r v i s e d seem t o have 
been i n f o r m a l and very l i m i t e d , , 
The t e s t s c a r r i e d o u t were t o e x p l o r e the f u l m i n a t e ' s e x p l o s i v e 
p o t e n t i a l , Howard h i m s e l f may have suggested t h e form they were t o take 
because he had a l r e a d y worked o u t t h e broad o u t l i n e s of the f u l m i n a t e ' s 
p r o p e r t i e s , ) I n t h o rou n d , i t c o u l d be s a i d t h a t t h e e x p e r i r n e n i s aimed 
a t comparing mercury f u l m i n a t e w i t h common gunpowder as a p r o p e l l i n g 
charge and as a b u r s t i n g charge,, 
Seven e x p e r i m e n t s were c a r r i e d o u t . The l i m i t e d n a t u r e o f t h e 
t e s t s i s i n d i c a t e d by the i n f o r m a t i o n t h a t the t o t a l w e i g h t of f u l m i n a t e 
a v a i l a b l e - as t o t a l l e d up f r o m Howard's account i n h i s paper = seems t o 
have been no more than t w e n t y ounces ( T r o y w e i g h t ) , t h a t i s , o n l y 622 
grams o f explo s i v e , , 
I n Experiment One, oz, ( T r o y ) , (101 grams) was exploded i n a 
c a s t i r o n case which was i n t u r n , i n o r d e r t o p r e v e n t t h e s p l i n t e r s f r o m 
f l y i n g , f i t t e d i n t o the bore of a t w e l v e pounder c a r r o n a d e 0 The 
car r o n a d e was undamaged,, H a l f o f the case, however, was f l u n g f r o m the 
muzzle o f t h e gun 0 And the h a l f which remained; 
'was cr a c k e d i n every d i r e c t i o n , and i n p a r t crumbled^ y e t 
i t was so wedged i n t o some i n d e n t a t i o n s which t h e e x p l o s i o n s had 
made i n the s i d e s of t h e p i e c e t h a t t h e f r a g m e n t s were n o t removed 
w i t h o u t g r e a t labour,," 
T h i s must have been something e n t i r e l y new even t o these e x p e r i e n c e d 
ordnance o f f i c e r s ; t h e f u s i n g , or near f u s i n g , o f one m e t a l t o a n o t h e r by 
-79-
sheer e x p l o s i v e impact ( i t comes t o mind t h a t t h e s h a p i n g of metals by 
e x p l o s i o n i n a way r e l a t e d t o the above i s a v e r y modern i n d u s t r i a l p r o c e s s ) 0 
The arrangement o f Experiment Two was s i m i l a r t o t h a t o f Experiment 
One, e x c e p t t h a t the charge o f f u l m i n a t e was o f f i v e ounces ( T r o y ) , 
(158 grams) and the carronade was t r i p l e shotted,, The r e s u l t was 
s i m i l a r t o the above e x c e p t t h a t the s h o t , c a s t i r o n r o u n d s h o t , were 
cra c k e d t o p i e c e s . 
I t i s suggested t h a t t h e r o u n d s h o t were cracked and crumbled 
because they o f f e r e d t o t h e e x p l o d i n g f u l m i n a t e a l i n e of most r e s i s t a n c e , 
and as a consequence i t was these t h a t took the main f o r c e o f the 
d e t o n a t i o n . Once a g a i n f r a g m e n t s were im p a c t e d f a s t t o the m e t a l o f 
t h e c a r r o n a d e ' s bore so much so t h a t Howard r e p o r t s t h a t t h e vent had 
t o be r e = d r i l l e d b e f o r e the n e x t t e s t c o u l d t a k e p l a c e . 
Experiment Three was a t e s t o f t h e f u l m i n a t e ' s p o t e n t i a l as a 
p r o p e l l a n t . The c a r r o n a d e was charged w i t h f u l l y f i v e ounces ( T r o y ) 
(156 grams) of mercury f u l m i n a t e . With t h e p i e c e wadded and loaded 
t o the muzzle w i t h s h o t , i t was f i r e d o f f a t a b l o c k o f wood s 'set a t 
some s m a l l d i s t a n c e , t o r e c e i v e t h e i m p r e s s i o n of the shot'o There 
was a l o u d e r n o i s e f r o m the d i s c h a r g e than t h e y had p r e v i o u s l y n o t e d , 
t h e r e c o i l a l s o WPS greater,, But as a p r o p e l l a n t , c l e a r l y they would 
have been ho p i n g f o r a p o w e r f u l a l t e r n a t i v e t o gunpowder, t h e f u l m i n a t e 
was a disappointment,, The t a r g e t b l o c k of wood was 'not p e n e t r a t e d by 
t h e s h o t above the d e p t h of one i n c h ' . 
I n Experiment Four, t h e r e remained i n s u f f i c i e n t f u l m i n a t e t o hand 
f o r a f u l l charge f o r Ihe t w e l v e pounder e n r r o n a d e , so a h a l f - p o u n d e r 
swivel-=gun was u s e d 0 T h i s gun was charged w i t h an ounce and a h a l f 
(Troy)(47„26 grams) o f the f u l m i n a t e . I t was then loaded w i t h a s i n g l e 
s h o t o f one and a h a l f pounds w e i g h t ( 0 o 6 Kg,,), s e t between two wads 0 
I f t he new e x p l o s i v e made a poor p r o p e l l a n t i t wanted n o t h i n g as a means 
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of s h a t t e r i n g ordnance; 
"The p i e c e was d e s t r o y e d f r o m the t r u n n i o n s t o t h e breech, 
and i t s f r a g m e n t s thrown t h i r t y or f o r t y yards (27 m - 36 m 0) <,,„ 
the p a r t of the s w i v e l n o t b r o k e n , was s c a r c e , i f a t a l l , moved 
f r o m i t s o r i g i n a l p o s i t i o n , , " 
The v i o l e n c e o f t h e f u l m i n a t e i n b u r s t i n g a gun b a r r e l may w e l l 
have d e t e r m i n e d the f o r m of e x p e r i m e n t s , f i v e , s i x , and seven, f o r these 
were, r e s p e c t i v e l y , upon the e f f e c t s of mercury f u l m i n a t e b u r s t i n g charges 
e n c l o s e d w i t h i n a 4,4 i n c h ( 1 1 cm,) s h e l l , a ' s e a - s e r v i c e ' grenade case of 
3„5 i n c h e s diameter (9 cm.), and a n o t h e r case o f the same s i z e , b u t charged 
w i t h a s m a l l e r q u a n t i t y o f f u l m i n a t e . 
I n a l l cases the ordnance o f f i c e r s were l i k e l y t o have been 
d i s a p p o i n t e d y e t a g a i n . A l l the cases were v e r y t h o r o u g h l y s h a t t e r e d , 
but none of t h e e x p l o s i o n s threw the f r a g m e n t s f o r any d i s t a n c e or w i t h 
any f o r c e . O b v i o u s l y t h i s l a s t would be a f i r s t r e q u i r e m e n t i n a b u r s t i n g 
c h a r g e , 
Flercury f u l m i n a t e may have had a use, as Howard had f i r s t s u g g e s t e d , 
i n t h e b l o w i n g up o f enemy guns. But i t i s u n l i k e l y t o have escaped t h e 
n o t i c e of the ordnance o f f i c e r s t h a t a man c a r r y i n g a p a r c e l o f f u l m i n a t e 
d u r i n g an a c t i o n would be a g r e a t e r danger t o h i s own s i d e t h a n t o enemy guns. 
The r e l a t i v e f a i l u r e of t h e e x p e r i m e n t s a t Woolwich may have s e r v e d 
t o reduce a t l e a s t any o f f i c i a l i n t e r e s t i n mercury f u l m i n a t e , , l£ t h e 
m a t e r i a l d e a l i n g w i t h i t i s as sparse as i t seems t o be, then i t might be 
s a i d t h a t a f t e r the Woolwich e x p e r i m e n t s mercury f u l m i n a t e was r e l e g a t e d 
t o b e i n g a c h e m i c a l c u r i o s i t y , , I n 1800 B r i t a i n was i n the m i d d l e of a 
s e r i e s of l o n g wars w i t h t h e French and t h e i r a l l i e s . I t i s c e r t a i n 
t h a t any d i s c o v e r y which o f f e r e d a hope of t e c h n i c a l advantage would 
have been s e i z e d upon quickly„ However, f o r want of an a p p l i c a t i o n , 
the t r i a l s showed mercury f u l m i n a t e t o have no p r o p e r t i e s which might 
recommend i t as a p o s s i b l e s u b s t i t u t e f o r b l a c k gunpowder. 
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There i s no e x p l i c i t mention of any such a t t e m p t , but i t would 
seem r e a s o n a b l e t o suppose t h a t i t would occur t o someone t o mix t h e 
f u l m i n a t e w i t h common gunpowder i n t h e hope o f enhancing i t s power,. 
T h i s would o n l y be t h e t a k i n g up o f one of a v e r y few o p t i o n s open t o 
th e e x p e r i m e n t e r s , Mr<. C r u i k s h a n k , one of the o f f i c e r s p r e s e n t a t 
Woolwich, may have had t h i s i n mind 0 Howard s t a t e s ; 
"Nr, C r u i k s h a n k , who made some of t h e powder by my 
p r o c e s s , remarked t h a t i t would n o t i n f l a m e gunpowder. I n 
consequence o f w h i c h , we spread a m i x t u r e of coarse and f i n e -
g r a i n e d gunpowder upon a p a r c e l of t h e m e r c u r i a l powder; and, 
a f t e r t h e i n f l a m m a t i o n o f the l a t t e r , we c o l l e c t e d most, i f n o t 
a l l , of the g r a i n s o f gunpowder. Can t h i s e x t r a o r d i n a r y f a c t 
be e x p l a i n e d by the r a p i d i t y o f combustion of f u l m i n a t i n g mercury? 
Or i s i t t o be supposed, (as gunpowder w i l l n o t explode a t t h e 
t e m p e r a t u r e a t which mercury i s thrown i n t o v a p o u r ) , t h a t 
s u f f i c i e n t c a l o r i c i s n o t e x t r i c a t e d d u r i n g t h i s combustion?" 
The speed and v i o l e n c e w i t h which mercury f u l m i n a t e r e a c t e d , the 
q u a l i t y which was t o make i t so v e r y i m p o r t a n t l a t e r i n t h e c e n t u r y ^ 
made i t r e l a t i v e l y unuseable i n 18D0 o Such s i t u a t i o n s are not uncommon 
i n the h i s t o r y of t e c h n o l o g y = t h e a t t e n d a n t c i r c u m s t a n c e s o f a d i s c o v e r y 
are a l s o v i t a l l y i m p o r t a n t , Howard conceded a t t h e end of h i s paper; 
"But t h e g r e a t danger a t t e n d i n g the use of f u l m i n a t i n g 
mercury, on a c c o u n t o f the f a c i l i t y w i t h which i t e x p l o d e s , 
w i l l p r o b a b l y p r e v e n t i t s b e i n g used f o r t h a t purpose," 
N e v e r t h e l e s s , i t can be s a i d t h a t one t h i n g came out of t h e t r i a l s 
w hich was o f i m p o r t a n c e t o the h i s t o r y o f technology,, I t seems almo s t 
c e r t a i n t h a t t h e e x p l o s i v e phenomena observed by Howard and h i s c o l l e a g u e s 
was something q u i t e beyond t h e i r e x p e r i e n c e , The_seven e x p e r i m e n t s which 
were c a r r i e d o u t a t Woolwich in^June^ of 1800^ may be r e g a r d e d as a f i r s j t 
o p p o r t u n i t y — anywhere a t a l l ° J;o__oj3sj3rve_jU]e ^ f e c t s of a t r u e h i g h 
e x o l o s i v e on n s c a l e g r e a t e r t h a n t h a t u n d e r t a k e n i n the l a b o r a t o ry_. 
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The I n t r o d u c t i o n o f Percussions-Firing (1800 ~ 1859) 
F o l l o w i n g t h e Woolwich e x p e r i m e n t s and the f a i l u r e of the commission 
of Ordnance O f f i c e r s t o f i n d an a p p l i c a t i o n f o r i t , mercury f u l m i n a t e 
seems t o haue r e c e i v e d l i t t l e o f f i c i a l a t t e n t i o n f o r a q u a r t e r of a 
c e n t u r y and more af t e r w a r d s , , The f i r s t e x t e n s i v e a p p l i c a t i o n f o r mercury 
f u l m i n a t e came w i t h the i n v e n t i o n o f p e r c u s s i o n i g n i t i o n f i r e a r m s by t h e 
Reverend Alexander F o r s y t h i n 1805 and t h e i r l a t e r improvement by E 0G 0Wright„ 
The advent of p e r c u s s i o n f i r e a r m s p r e p a r e d the way f o r the br e e c h -
l o a d i n g f i r e a r m s which were one of the many f a c t o r s which a l l o w e d the 
ex p a n s i o n of the European powers i n t o t h e i r d i r e c t c o l o n i a l phase„ But 
w h i l e t h e use o f mercury f u l m i n a t e a i d e d the development of the p e r c u s s i o n 
weapons •= i t was r e l i a b l e i n i t s a c t i o n = i t was n o t e s s e n t i a l t o e i t h e r 
t h e p e r c u s s i o n cap, nor i n d e e d t o t h e s e l f - c o n t a i n e d c a r t r i d g e which 
q u i c k l y r e p l a c e d t h e c a p 0 A c l e a r example of t h i s i s t h e Dreyse Needle 
Gun. T h i s b r e e c h l o a d i n g r i f l e was i n v e n t e d i n 1844 and was i n s e r v i c e 
w i t h the P r u s s i a n Armies f o r many y e a r s . The Dreyse c a r t r i d g e was primed 
w i t h a m i x t u r e c o n t a i n i n g c h l o r a t e of p o t a s s i u m , s u l p h u r , antimony 
s u l p h i d e , and g l a s s powder,, No mercury f u l m i n a t e was used. The Dreyse 
r i f l e i s g e n e r a l l y h e l d t o have been d e c i s i v e i n t h e F r a n c o - P r u s s i a n War 
of 1870 o 
E n g l i s h p r a c t i c e , however, perhaps because i t was c h i e f l y concerned 
w i t h s p o r t i n g guns, p r e f e r r e d c o m p o s i t i o n s c o n t a i n i n g mercury f u l m i n a t e , , 
T h i s may have i n f l u e n c e d t h e c h o i c e of mercury f u l m i n a t e as t h e p r i n c i p a l 
c o n s t i t u e n t o f t h e caps adopted f o r the B r i t i s h Army a f t e r 1832„ The 
c h l o r a t e m i x t u r e s used on t h e C o n t i n e n t had known drawbacks i n use„ 
As l a t e as 1832 a c o r r e s p o n d e n t t o t h e P h i l o s o p h i c a l Magazine & 
J o j j r n a l c o mplains of t h e tendency f o r c h l o r a t e p r i m i n g t o promote r u s t 
"XII„ On^the f i r i n g of_ Gunpowderby^ F u l m i n a t i n g Hercury by Rr„ E„G<,Uright9 
P h i l o s o p h i c a l F.ogazine & J o u r n a l , 3 0 t h September 1832„ 
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and f o u l i n g a t t h e n i p p l e s of s p o r t i n g guns 0 He g i v e s d e t a i l e d 
i n s t r u c t i o n s - a r e c i p e v i r t u a l l y - f o r t h e making of mercury f u l m i n a t e 
a t home,, 
"Fly method of p r e p a r i n g mercury f u l m i n a t e i s as f o l l o w s ; — 
I p l a c e two dracms ( 9 0 3 3 gram) o f q u i c k s i l v e r i n a F l o r e n c e f l a s k , 
and pour s i x dracms (measure) o f piure n i t r i c a c i d on the mercury? 
t h i s I p l a c e i n a s t a n d over a s p i r i t lamp, and make i t b o i l , t i l l 
t h e q u i c k s i l v e r i s t a k e n up by t h e a c i d ; when n e a r l y c o o l , I pour 
i t on an ounce measure o f a l c o h o l i n o t h e r f l a s k ; sometimes 
immediate e f f e r v e s c e n c e ensues, w i t h the e x t r i c a t i o n o f n i t r o u s 
e t h e r ; and I have o f t e n been o b l i g e d t o p l a c e t h e m i x t u r e over a 
lamp, t i l l a w h i t e fume begins t o r i s e , when the e f f e r v e s c e n c e 
f o l l o w s o I s u f f e r t h e process t o c o n t i n u e ( r e m o v i n g t h e lamp) 
t i l l t h e fumes assume a r e d d i s h hue; when I pour water i n t o t h e 
f l a s k , and t h e powder i s found p r e c i p i t a t e d t o t h e b o t t o m , I pour 
o f f and add f r e s h w a t e r , p e r m i t t i n g the powder iso s u b s i d e each 
time b e f o r e t h e water i s poured o f f , so as t o f r e e t h e substance 
as much as p o s s i b l e f r o m t h e a c i d ; and t h e n I pour i t on a p i e c e 
of f i l t e r i n g paper, and p l a c e t h e powder i n an a i r y room t o dry 0°o" 
The nomenclature t h e c o r r e s p o n d e n t uses i s a r c h a i c t o t h e modern 
r e a d e r , but Mr, W r i g h t g i v e s e v e r y i m p r e s s i o n t h a t , i n an e m p i r i c a l 
f a s h i o n , he knew what he was about„ 
"Sometimes t h e powder i s q u i t e w h i t e , and o f t e n l i g h t brown; 
but t h i s i s of no consequence,, o o" 
A l t h o u g h the u n d e r t a k i n g i n t h e round i s hazardous, H r , W r i g h t i s 
aware o f the dangers; 
(a ) " I t s h o u l d be k e p t i n a corked ( n o t s t o p p e r e d ) b o t t l e <,<,«" 
(b ) "The f u l m i n a t i n g mercury ought t o be made i n an out-house, 
o r i n an u n f u r n i s h e d room, under a chimney, on account of the 
n i t r o u s fumes e x t r i c a t e d i n t h e f i r s t , and t h e n i t r o u s e i t h e r i n 
the second p a r t o f t h e p r o c e s s , . . " 
( c ) "To f i l l t he caps, I use a s m a l l i v o r y p i n scooped o u t a t 
one end," 
Since one k i l o g r a m of f u l m i n a t e was s u f f i c i e n t t o prime 59,000 
s p o r t i n g p e r c u s s i o n caps (40,000 m i l i t a r y musket c a p s ) , i t i s p o s s i b l e 
to make a c l o s e e s t i m a t e of Fir„Wright's s c a l e of production., 
Two 'dracms' ( s i c drachms) of mercury m e t a l weigh ,25 of one ounce 
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i n A p o t h e c a r y ' s measure, which was d e r i v e d f r o m Troy weight,, I f an 
i n c r e a s e i n w e i g h t of 20 per c e n t i s assumed t o r e s u l t f r o m c o n v e r s i o n 
i n t o t h e f u l m i n a t e , the f i n a l y i e l d s would be „3 of one ounce,, Since 
one ounce was e q u a l t o 480 g r a i n s i n Apothecary's measure, ,3 of one 
ounce was e q u a l t o 144 g r a i n s . Now, one gram, m e t r i c system, i s e q u a l 
t o 15 a432349 g r a i n s ( M i l l e r 1 8 5 6 ) ; c o n s e q u e n t l y , 144 d i v i d e d by 15„432349 
g i v e s 9 033 grams. I f 1000 grams i s s u f f i c i e n t f u l m i n a t e t o make 59,000 
caps, 1 gram w i l l make 59 caps? 9,33 m u l t i p l i e d by 59 g i v e s 550„ Mr, 
W r i g h t was making = somewhere i n the r e g i o n of •= f i v e hundred and f i f t y 
p e r c u s s i o n cs ps a t home. 
The above e s t i m a t i o n i s p r o b a b l y somewhqt on the h i g h s i d e s i n c e 
the q u o t a t i o n of o u t p u t i s t a k e n f r o m an o b s e r v a t i o n of government 
e s t a b l i s h m e n t where, presumably, the workmen would be more s k i l l e d , 
W r i g h t ' s process shows v i r t u a l l y no advance on t h a t d e s c r i b e d by 
Howard t h i r t y — t w o y e a r s before,, The process i s s i m p l e , the a p p a r a t u s i s 
s i m p l e and i t i s designed f o r a v e r y l i m i t e d s c a l e of p r o d u c t i o n . A g a i n , 
s i n c e t h e r e was no a p p l i c a t i o n f o r the f u l m i n a t e e x c e p t as a f i l l i n g f o r 
p e r c u s s i o n caps f o r s p o r t i n g guns, t h e r e l o o k s t o have been no d e v e l o p -
ment i n the t e c h n i q u e s f o r i t s p r o d u c t i o n , , 
"RE5EARCjjES_0N_ FULRjNATIIMG r^ _RGURY'' 
(Andrew Lire's Report t o t h e Board of Ordnance) (1831 - 1832) 
The f i r s t g e n e r a l a p p l i c a t i o n of mercury f u l m i n a t e t o a n a t i o n a l 
purpose i n t h e U n i t e d Kingdom came w i t h t h e d e c i s i o n t o adopt a p e r c u s s i o n 
l o c k musket f o r t h e use o f the armed f o r c e s i n 1832„ T h i s r e p r e s e n t e d a 
major advance i n m i l i t a r y t e c h n o l o g y i n so f a r as the i n t e n t i o n was t o 
r e p l a c e t h e f l i n t l o c k musket e n t i r e l y ^ t h e r e a f t e r , musket would mean 
p e r c u s s i o n musket, and a l l t h a t m i g h t mean t o t h e way i n which war was 
conducted,, But f o r p r e s e n t purposes the i m p o r t a n t i m p l i c a t i o n o f the 
changeover was t h a t mercury f u l m i n a t e e n t e r e d i n t o a widespread use. 
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For the f i r s t t i m e t h e r e was a demand f o r i t i n q u a n t i t y , , That demand 
was o n l y t o be met i f p r o p e r l y c o n t r o l l e d processes were worked out f o r 
a l l t h e s t a g e s of i t s m a n u f a c t u r e , h a n d l i n g , and s t o r a g e . 
Dr. Andrew Ure's r e p o r t on t h e e x p e r i m e n t s he c a r r i e d o u t on 
mercury f u l m i n a t e d u r i n g 1831 a t t h e d i r e c t behest of t h e Board of 
Ordnance shows the s t a t e o f t h e t e c h n o l o g y a v a i l a b l e f o r m a n u f a c t u r i n g 
the f u l m i n a t e a t t h e t i m e . I t shows t h a t even some t h i r t y years a f t e r 
Howard's o r i g i n a l r e s e a r c h e s t h e p r e p a r a t i o n of mercury f u l m i n a t e was by 
no means a c e r t a i n process,, 
The reason f o r so s e a r c h i n g an e n q u i r y i s not d i f f i c u l t t o under-
s t a n d . The Board of Ordnance would be g r e a t l y concerned t o be assured 
t h a t t h e q u a l i t y and t h e s u p p l y of mercury f u l m i n a t e would be r e l i a b l e 
i n e v e r y way<, Some c e n t u r i e s of e x p e r i e n c e l a y behind t h e f l i n t l o c k o 
The a d o p t i o n of t h e p e r c u s s i o n system meant t h e r e p l a c e m e n t of t h e f i n e 
powder p r i m i n g , which was t h e same i n k i n d as t h e main cha r g e , i n the 
f l i n t l o c k , by a d e v i c e which depended e n t i r e l y upon a few c r y s t a l s of a 
m e t a l l i c s a l t h e l d i n a m a t r i x w i t h s h e l l a c . S e r v i c e c o n d i t i o n s , above 
a l l , r e q u i r e r e l i a b i l i t y and r o b u s t n e s s . The Board would have had t o 
have been t h o r o u g h l y c o n v i n c e d t h a t mercury f u l m i n a t e c o u l d be produced 
w i t h o u t any f a l t e r i n g i n any p a r t of the p r o c e s s . The f u l m i n a t e would 
have been seen as t h e most e s s e n t i a l p a r t of the system; a l s o as the 
l e a s t r e l i a b l e , i f t h e c a p r i c i o u s and v i o l e n t n a t u r e of i t s a c t i o n when 
exploded i n any b u l k were an i n d i c a t i o n , , The s t a b l e b e h a v i o u r of 
p e r c u s s i o n caps i n b u l k must have been suspect - p a r a d o x i c a l - u n t i l 
Dr. Lire had c a r r i e d o u t t h e most e x t e n s i v e t e s t s . 
"A D i e t i o n a r y 0 f r-lanufactures_ and n i n e s ( C o n t a i n i n g a c l e a r e x p o s i t i o n 
o f t h e i r p r i n c i p l e s and p r a c t i c e ) by Andrew Ore, f-l.D. ( p . 5 3 1 ) , 
Pub. Longman, Orme, Brown, Green, Longmans, London, 1839. 
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I n h i s o r i g i n a l r e p o r t , l i r e was r e q u i r e d t o g i v e answers t o a 
number of q u i t e s p e c i f i c questions,, Wo i n f o r m a t i o n has been found 
which i n d i c a t e s t he c o m p o s i t i o n of t h a t p a r t i c u l a r board of e n q u i r y , 
b u t i t seerns c l e a r t h a t t h e members a l r e a d y knew something o f mercury 
f u l m i n a t e , and they knew which q u e s t i o n s would have t o be answered i n 
t h e most u n e q u i v o c a l way 0 I n o r d e r t o answer the Board's q u e s t i o n s , 
Lire u n d e r t o o k what he termed, 'a numerous, d i v e r s i f i e d , and somewhat 
hazardous s e r i e s of e x p e r i m e n t s ' , 
I n h i s i n t r o d u c t i o n , l i r e c l e a r s t he ground when he s t a t e s e x p r e s s l y 
"The o n l y k i n d ( o f f u l m i n a t e ) a t a l l i n t e r e s t i n g i n a 
m a n u f a c t u r i n g p o i n t of view , i s t h e f u l m i n a t e o f mercury, now 
so e x t e n s i v e l y used as a p r i m i n g t o the caps o f p e r c u s s i o n l o c k s , " 
The f i r s t of the Board's q u e s t i o n s i s s i g n i f i c a n t i n t h a t i t shows 
t h a t t h e r e was no ready and acc e p t e d answer t o i t a v a i l a b l e a t t h e t i m e , 
"Question 1 , What p r o p o r t i o n s o f mercury, w i t h n i t r i c a c i d 
and a l c o h o l of c e r t a i n s t r e n g t h s , w i l l y i e l d the g r e a t e s t q u a n t i t y 
of pure mercury f u l m i n a t e ? " 
The answer i s g i v e n i n two f o r m s i i n the f i r s t i t i s g i v e n i n 
the c h e m i c a l nomenclature o f t h e time 5 i n t h e second i t i s an answer 
f o r p r a c t i c a l men„ 
"Hence, i n round numbers, one ounce w e i g h t of q u i c k s i l v e r 
must be d i s s o l v e d i n l\ oz„ of the above d e s i g n a t e d n i t r i c a c i d 9 
and t h e r e s u l t i n g s o l u t i o n must be poured i n t o 10 oz, measure 
of the s a i d a l c o h o l , " 
The second o f the Board's q u e s t i o n s i s r e a l l y s e v e r a l q u e s t i o n s 
compounded % 
" Q L i e s t i o n 2 a Uhat i s t h e most economical and s a f e process 
f o r c o n d u c t i n g t he m a n i p u l a t i o n , e i t h e r as r e g a r d s the l o s s o f 
n i t r o u s gas and re s i d u u m , or as r e s p e c t s danger t o t h e o p e r a t o r ? 
a l s o , what i s t h e r e a d i e s t and s a f e s t mode o f m i x i n g t h e f u l m i n a t e 
i n t i m a t e l y w i t h i t s due p r o p o r t i o n s o f common gunpowder?" 
=87= 
Ure's answer t o the second q u e s t i o n i s very f u l l i n r e s p e c t of 
a l l p a r t s save t h a t which concerns t h e danger t o the o p e r a t o r . There 
i s _no r e f e r e n c e = even i n d i r e c t l y = t o the p o s s i b i l i t y of a c c i d e n t a l 
e x p l o s i o n d u r i n g m a n u f a c t u r e . The a r t i c l e i s c l a i m e d t o be a v e r b a t i m 
copy o f the re p o r t , , 
I t may be t h a t the Board of Ordnance may have been concerned w i t h 
more t h a n j u s t the p u r e l y s e r v i c e aspects o f the i n n o v a t i o n . The c o s t 
of i n t r o d u c i n g t h e p e r c u s s i o n system would have had t o have been worked 
ou t c a r e f u l l y 0 The f i n a n c i n g of a process i n w h i c h t h e r e was some un= 
c e r t a i n t y about the most economical p r o p o r t i o n s o f expensive c o n s t i t u e n t s 
t o use, about the r e t u r n o f f u l m i n a t e t o be e x p e c t e d , and one moreover 
where i t l o o k e d as though a l a r g e p a r t of those e x p e n s i v e c o n s t i t u e n t s 
were f o r p r a c t i c a l purposes l o s t d u r i n g t h e course o f t h e r e a c t i o n , w o u l d 9 
i t i s c e r t a i n , have c a l l e d f o r the c l o s e s t o f e n q u i r i e s 0 And where 
Andrew l i r e does answer t h e Board's q u e s t i o n s he does so i n t h e f u l l e s t 
f a s h i o n . The main body o f h i s r e p o r t , where i t i s concerned w i t h mercury 
f u l m i n a t e , w i l l s t a n d q u i t e e x t e n s i v e q u o t a t i o n f o r the d e t a i l i t a f f o r d s , 
"The mercury s h o u l d be d i s s o l v e d i n the a c i d i n a g l a s s 
r e t o r t , the beak of w h i c h i s l o o s e l y i n s e r t e d i n t o a l a r g e b a l l o o n 
or g l a s s or e a r t h e n w a r e , whereby the o f f e n s i v e fumes o f the n i t r o u s 
gas disengaged d u r i n g t h e s o l u t i o n , a r e , i n c o n s i d e r a b l e measure, 
condensed i n t o l i q u i d a c i d , which s h o u l d be r e t u r n e d i n t o the 
r e t o r t . As soon as the mercury i s a l l d i s s o l v e d , and the s o l u t i o n 
has a c q u i r e d t h e p r e s c r i b e d t e m p e r a t u r e of about 130° (54°C), i t 
s h o u l d be s l o w l y poured, t h r o u g h a g l a s s or p o r c e l a i n f u n n e l , i n t o 
t h e a l c o h o l c o n t a i n e d i n a g l a s s matrass or b o t t l e capable of 
h o l d i n g f u l l y s i x t i m e s the b u l k of mixed l i q u i d s . I n a few 
minutes bubbles o f gas w i l l proceed from the bottom o f the l i q u i d ? 
t hese w i l l i n c r e a s e i n number and magnitude t i l l a g e n e r a l 
f e r m e n t a t i v e commotion o f a v e r y a c t i v e k i n d i s g e n e r a t e d , and t h e 
m i x t u r e assumes a somewhat f r o t h y appearance, A w h i t e voluminous 
gas now i s s u e s from t h e o r i f i c e of t h e m a t r a s s , which i s v e r y 
88. 
c o m b u s t i b l e and must be s u f f e r e d t o escape f r e e l y i n t o t h e a i r , 
a t a d i s t a n c e f r o m any f l a m e 0 These fumes c o n s i s t o f an e t h e r o u s 
gas, h o l d i n g mercury i n s u s p e n s i o n or combination,, I have made 
many e x p e r i m e n t s w i t h the view of condensing t h i s gas, or a t l e a s t , 
the mercury, but w i t h m a n i f e s t d i s a d v a n t a g e t o the p e r f e c t i o n o f 
th e process o f p r o d u c i n g the f u l m i n a t e , When th e s a i d gas i s 
t r a n s m i t t e d t h r o u g h a g l a s s t u b e , i n t o a watery s o l u t i o n of c a r b o n a t e 
of soda, a l i t t l e o x i d e of mercury i s , no d o u b t , recovered? b u t 
the p r e s s u r e on t h e f e r m e n t a t i v e m i x t u r e , though s l i g h t , necessary 
t o t h e d i s p l a c e m e n t of t h e soda s o l u t i o n , seems t o o b s t r u c t or 
i m p a i r t h e g e n e r a t i o n of the f u l m i n a t e s t h i s e f f e c t i s c h i e f l y 
i n j u r i o u s towards t h e end of t h e o p e r a t i o n when t h e gaseous fumes 
are s t r o n g l y i m p r e g n a t e d w i t h t h e n i t r o u s g a s 0 When t h i s i s n o t 
a l l o w e d f r e e l y t o come o f f , a p o r t i o n of t h e s u b n i t r a t e or n i t r a t e 
of mercury i s a p t t o be formed, t h e i n j u r y of t h e g e n e r a l process 
and the p r o d u c t . 
As soon as t h e e f f e r v e s c e n c e and t h e c o n c o m i t a n t e m i s s i o n of 
gas a r e observed t o cease, the matrass s h o u l d be t u r n e d o u t upon a 
paper double f i l t e r , f i t t e d i n t o a g l a s s or p o r c e l a i n f u n n e l , and 
washed by the a f f u s i o n of c o l d water t i l l t h e d r a i n i n g s no l o n g e r 
redden l i t m u s p a p e r 0 The powder a d h e r i n g t o the matrass s h o u l d be 
washed o u t and then thrown o n t o t h e f i l t e r w i t h the h e l p of a l i t t l e 
water,, Whenever t h e f i l t e r i s t h o r o u g h l y d r a i n e d , i t i s t o be 
l i f t e d o u t o f the f u n n e l and opened o u t on p l a t e d copper or s t o n e -
ware, heated t o 212° Fahr, by steam or h o t w a t e r . The f u l m i n a t e 
b e i n g t h u s d r i e d , i s t o be p u t up i n paper p a r c e l s of about 100 
g r a i n s ( 6 Q 5 grams) each? the whole of which may be a f t e r w a r d s 
packed away i n a t i g h t box, or a b o t t l e w i t h a c o r k s t o p p e r . The 
e x c e l l e n c e of t h e f u l m i n a t e may be a s c e r t a i n e d by t h e f o l l o w i n g 
c h a r a c t e r s . I t c o n s i s t s o f b r o w n i s h grey s m a l l c r y s t a l s which 
s p a r k l e i n the sun, are t r a n s p a r e n t when a p p l i e d t o a s l i p o f 
g l a s s w i t h a drop of w a t e r , and viewed by t r a n s m i t t e d l i g h t o 
These minute spangles are e n t i r e l y s o l u b l e i n 130 times t h e i r 
w e i g h t o f b o i l i n g water? t h a t i s t o say, an i m p e r i a l p i n t w i l l 
d i s s o l v e 67 g r s , (4,3 grams) of pure f u l m i n a t e . Whatever remains 
i n d i c a t e s i m p u r i t y 0 From t h a t s o l u t i o n b e a u t i f u l p e a r l y spangles 
of f u l m i n a t e f a l l down as t h e l i q u i d c o o l s , " 
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Since t h e means of p r e p a r i n g a very pure f u l m i n a t e wsra t o hand 9 
and was n o t used, i t may be r e a s o n a b l e t o assume t h a t the presence o f 
a s m a l l amount o f i m p u r i t y was n o t c o n s i d e r e d t o be a disadvantage? 
t h a t mercury f u l m i n a t e was found t o be a t l e a s t c h e m i c a l l y s t a b l e , , 
The a d d i t i o n a l stage of r e f i n e m e n t by r e c r y s t a l l i s a t i o n c o u l d h a r d l y 
have added g r e a t l y t o the c o s t s 
" I t may now be p r o p e r t o show w i t h i n what n i c e and narrow 
l i m i t s the best p r o p o r t i o n s of t h e i n g r e d i e n t s used i n making t h e 
f u l m i n a t e o f mercury l i e 0 The f o l l o w i n g a r e s e l e c t e d from among 
many e x p e r i m e n t s i n s t i t u t e d t o d e t e r m i n e t h a t p o i n t , as w e l l as 
t h e most economical process,," 
" I 0 A c c o r d i n g t o t h e f o r m u l a g i v e n by the c e l e b r a t e d 
c h e m i s t , B e r z e l i u s , i n t h e f o u r t h volume of h i s T r a i t e ' de Chimie 
r e c e n t l y p u b l i s h e d ( p 0 3 8 3 ) , the mercury s h o u l d be d i s s o l v e d i n 
t w e l v e t i m e s i t s w e i g h t o f n i t r i c a c i d sp„ g r , 1,375? and a l c o h o l 
o f s p , g r , 0,850, amounting t o 16,3 times the w e i g h t o f mercury, 
s h o u l d be poured a t i n t e r v a l s i n t o 'the n i t r i c s o l u t i o n , , The 
m i x t u r e i s then heated t i l l e f f e r v e s c e n c e of the c h a r a c t e r i s t i c 
c l o u d o f gas appears. On t h e a c t i o n becoming v i o l e n t , a l c o h o l 
i s t o be poured i n f r o m t i m e t o t i m e t i l l an a d d i t i o n a l 16 03 p a r t s 
have been ernployedo 
On t h i s process I may remark, t h a t i t i s e x p e n s i v e , t r o u b l e -
some, dangerous and u n p r o d u c t i v e of pure f u l m i n a t e . One f i f t h more 
n i t r i c a c i d i s expended very n e a r l y t h a n what i s necessary and almost 
f o u r t i m e s the w e i g h t of a l c o h o l a t 0 o83 p a r t s by w e i g h t are 
s u f f i c i e n t ? whereas B e z e l i u s p r e s c r i b e s n e a r l y f o u r times the 
q u a n t i t y i n w e i g h t , though t h i s a l c o h o l i s somewhat weaker, being 
of sp, g r , 0,085, By u s i n g such an excess of a l c o h o l , much of t h e 
f u l m i n a t e i s a p t t o be r e v i v e d i n t o g l o b u l e s o f m e r c u r y , a t t h e end 
of the process 100 p a r t s o f mercury t r e a t e d i n t h e way recommended 
by D e r z e l i u s a f f o r d e d me o n l y 112 p a r t s of mercury f u l m i n a t e i n s t e a d 
of t h e 130 o b t a i n e d by my much more economical and s a f e p r o p o r t i o n s 
and process from t h e same w e i g h t of q u i c k s i l v e r , 
( i f i t i s suspocted f r o m Lire's f o r t h r i g h t n e s s of d i c t i o n i n h i s 
w r i t i n g s t y l e t h a t he was b e i n g p a r t i s a n or was c a n v a s s i n g h i s own p r o c e s s 5 
i t s h o u l d be s a i d by way of balance t h a t a c e r t a i n l i t e r a r y i r a s c i b i l i t y 
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marks a l o t o f h i s w r i t i n g , even when t h e s u b j e c t m a t t e r c o u l d not be 
t h o u g h t o t h e r t h a n n e u t r a l , , I t s h o u l d a l s o be s a i d t h a t Lire's a r t i c l e s 
g i v e e v e ry i m p r e s s i o n of an e x c e p t i o n a l t h o r o u g h n e s s ) , 
Dr, Ure goes on t o d e s c r i b e f o r the Board of Ordnance a s e r i e s of 
e x p e r i m e n t s i n which he s e t s o u t , f i r s t of a l l , t o d e t e r m i n e t h e q u a n t i t y 
o f f u l m i n a t e which r e s u l t s f r o m v a r y i n g t h e r e l a t i v e p r o p o r t i o n s o f the 
c o n s t i t u e n t c h e m i c a l s used i n making the f u l m i n a t e , and, s e c o n d l y , t o show 
the e f f e c t o f making changes i n t h e i n c r e m e n t of a l c o h o l added t o t h e 
d i s s o l v e d mercury. The work i s c l e a r l y an a t t e m p t t o f i n d a best method, 
an optimum p r o c e s s , and a t g i v i n g a number of r u l e - o f - t h u m b o b s e r v a t i o n s 
t o h e l p t h e w o r k i n g chemists 
( a ) "ooo t h e p r o d u c t of such p r o p o r t i o n s w i l l e i t h e r be n o t 
g r a n u l a r and t h e r e f o r e n o t f u l m i n a t i n g , or i t w i l l be p a r t i a l l y 
g r a n u l a r and p a r t i a l l y p u l v e r e n t , b e i n g a m i x t u r e of f u l m i n a t e 
and s u b = n i t r a t e o f mercury i l l = a d a p t e d f o r p r i m i n g , 
( b ) " I n f a c t , whenever t h e e t h e r o u s f e r m e n t a t i o n i s d e f e c t i v e j , 
or n o t v i g o r o u s , l i t t l e t r u e f u l m i n a t e i s generated? but much o f 
t h e mercury remains i n t h e a c i d u l a t e d a l c o h o l i c l i q u i d o , , " 
( c ) " I f the a l c o h o l be poured i n s u c c e s s i v e p o r t i o n s , and 
of proper s t r e n g t h ( s p 0 g r , 9 0 8 3 ) i n t o a proper n i t r i c s o l u t i o n of 
mercury, the e x p l o s i v e a c t i o n which accompanies each e f f u s i o n 
d i s s i p a t e s much o f t h e a l c o h o l and p r o b a b l y i m p a i r s the a c i d so 
t h a t t h e subsequent e t h e r o u s f e r m e n t a t i o n i s d e f e c t i v e , and l i t t l e 
good f u l m i n a t e i s formed ,,„" 
( d ) " 0,o i f t h e matrass be immersed i n coldwwater so as 
m a t e r i a l l y t o r e p r e s s t h a t a c t i o n , t h e process w i l l be i m p a i r e d , 
and w i l l t u r n o u t u l t i m a t e l y c f e f e c t i v e both as t o t h e q u a n t i t y and 
t h e q u a l i t y o f t h e f u l m i n a t e . I t i s , t h e r e f o r e , c e r t a i n t h a t a 
c e r t a i n energy or v i v a c i t y i s e s s e n t i a l t o t h e f u l l success of 
t h i s c u r i o u s p r o c e s s , and t h a t a n y t h i n g which checks or o b s t r u c t s 
i t s t a k i n g p l a c e i s i n j u r i o u s and t o be avoided,,„" 
( e ) "When o t h e r p r o p o r t i o n s ( p r o p o r t i o n s o t h e r t h a n those 
advocated by Lire h i s s e l f ) a r e t a k e n , much more a c i d r e m a i n s . 
T h i s a c i d i s n o t r e c o v e r a b l e t o any u s e f u l or economical purpose, 
nor i s the a l c o h o l t h a t i s a s s o c i a t e d w i t h i t , , , " 
( f ) " I have s t a t e d t h a t my maximum p r o d u c t of f u l m i n a t e 
f r o m one hundred g r a i n s o f q u i c k s i l v e r i s 130 g r a i n s , 
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Dr« Lire's paper makes no mention of the scale of manufacture,, 
However, a l i t t l e r e f l e c t i o n supported by a very l i t t l e a r i t h m e t i c 
w i l l show t h a t i n r e a l terms the scale of production needed to meet the 
new demand f o r fulminate could be described as Bx t r e m e l y modesto 
Whatever b u i l d i n g s and machinery may have been required f o r making the 
cases f o r the percussion caps, the apparatus necessary f o r making the 
mercury f u l m i n a t e i t s e l f would, i t i s c a l c u l a t e d , have needed to have 
been s u r p r i s i n g l y smallo 
Consider; 
(a) I t i s r e l i a b l y recorded t h a t one kilogram of the fulminate 
s u f f i c e d to prime 40,000 of the large m i l i t a r y p a t t e r n percussion caps 0 
(b) Assume the need to supply one m i l l i o n men w i t h percussion caps 0 
This i s almost c e r t a i n l y an over-large estimate,, Even i f the needs of 
the standing army, the forces of The Honourable East I n d i a Company, a l l 
other C o l o n i a l forces and c o n s t a b u l a r i e s , a l l i e s and c l i e n t princes, are 
included, i t seems u n l i k e l y t h a t there was a f u l l m i l l i o n men under arms 
i n the whole of the B r i t i s h Empire i n 1832,, 
(c) Allow t h a t an annual expenditure of f i f t y rounds of b a l l 
c a r t r i d g e per man i s p r o d i g a l = twenty rounds i s thought to have been more 
usual, 
Then, even on these d e l i b e r a t e l y gross estimates, i t might be 
said thats 
1,0,00,000 x 50 = 50,000,000 percussion caps| 
50^000^00 percussion caps = 1250 kilograms of 
40 9000 per kilogram of fulminate mercury fulminate to 
be made per year 
And, 1250 kilograms = Approximately 25 kilograms of fulminate 
50 working weeks to be made per weeko Or, j u s t over 4 
per year kilograms of fulminate per day during a 
si x day working week0 
Wagner, p„1530 
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Now, since one kilogram was equivalent to 2„2046 Imper i a l pounds, 
four kilograms, a day's through-put, would be equivalent to 8 08184 pounds, 
or to 564„4 quqrter ounces. I f uie assume t h a t the u n i t or batch size of 
manufacture was only the same size as t h a t described previously by 
E.Go Wright, then, a l l o w i n g a n o t i o n a l twelve charges per matrass per day, 
only f o r t y ~ e i g h t f l a s k s would have been re q u i r e d . 
In p r a c t i c e , i t seems reasonable to suppose, l a r g e r q u a n t i t i e s of 
fulm i n a t e were made at one time. But even so!, the f l a s k s could have 
been many times the capacity of those used by Wright and s t i l l not have 
taken up very much more room 0 I f the f l a s k s used were approximately 
s p h e r i c a l i n shape, t h e i r capacity would vary as the cubes a doubling 
of the dimensions would lead to an e i g h t f o l d increase i n volume 0 A q u i t e 
large increase i n the size of vessel used - and hence i n the amount of 
mercury e n t e r i n g i n t o a r e a c t i o n — would not g r e a t l y increase the space 
needed f o r the apparatus,, 
The remainder of 0 r o Ure's r e p o r t deafe with the d e s t r u c t i v e t e s t i n g 
of packets of musket caps 0 That work cannot concern the present study 
d i r e c t l y , but i t must be remarked t h a t the adoption of the percussion lock 
using mercury fulminate caps was not done without the most extensive and 
rigorous t e s t i n g being done befiorehando 
I t was suggested e a r l i e r t h a t from the f i r s t discovery of mercury 
fulminate there might have been an expectation or a hope th a t i t would 
allow some enhancement of the power of gunpowder 0 In the f i r s t instance, 
i n the Woolwich t e s t s , t h i s seems not to have been found p o s s i b l e 0 Any 
admisture of gunpowder and mercury fulminate which might be used f o r 
b l a s t i n g would almost c e r t a i n l y have been p r o h i b i t i v e l y expensive, and 
dangerously s e n s i t i v e - But t h a t was f o r an over a l l increase i n the range 
of possible energy release. I t was, however, r e a l i s e d by the time t h a t 
mercury fulminate came to be used f o r percussion caps th a t the cap increased 
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the impetus of the musket b a l l s 
" F l r o L u v e l l , of the Royal Ranufactory of Arms has l a t e l y 
executed a series of experiments <,<,<> f o r the purpose of a s c e r t a i n i n g 
what i s the advantage i n p o i n t of £orce^ obtained by using percussion 
primes,, He had a n t i c i p a t e d some extra energy would be imparted „ o 
he a t t r i b u t e d most to the quickness and energy w i t h which the powder 
charge i s i g n i t e d by the v i v i d stream of flame generated by the 
percussion prime 0" 
Upon reading Ure's account of l*lr. L o v e l l ' s experiments, i t i s 
d i f f i c u l t not to a r r i v e at the opinion t h a t the leap between the percussion 
cap and the b l a s t i n g cap was a very short one 9 and one i n which the 
d i r e c t i o n was p e r f e c t l y c l e a r 0 The copper cap was enlarged and extended^ 
the ' s p i t 5 at the end of a length of burning Bickford fuse was s u b s t i t u t e d 
f o r the s t r i k i n g of the hammer; the nature of the charge was d i f f e r e n t , , 
To the modern observer t h i s seems to have been a r a t h e r major advance, 
which f o r some reason was not made when i t might have been 0 
As a source document, Ure's r e p o r t a f f o r d s a s t r i k i n g i l l u s t r a t i o n 
of the t r a n s l a t i o n of chemical theory and l a b o r a t o r y p r a c t i c e i n t o working 
i n d u s t r i a l production,. I t i s of a general i n t e r e s t because i t comes from 
a time which might be considered to l i e somewhere w i t h i n the b l u r r e d edge 
of the t r a n s i t i o n between l a t e e m p i r i c a l and early s c i e n t i f i c chemistry,, 
Mercyry Fulminate i n T e r r o r i s t ' s Grenades 
There was at l e a s t one p r a c t i c a l a p p l i c a t i o n f o r mercury fulminate 
which a t t r a c t e d public a t t e n t i o n - the p o l i t i c a l t e r r o r i s t ' s bomb,, T^ha_ 
111t^strated J_pndon News of 27th February 1858 shows an engraving of a bomb 
casing % 
(a) "This t e r r i b l e instrument of d e s t r u c t i o n i s hollow, of 
polished s t e e l „„» a c y l i n d e r about ten inches long (25„4 cm.) 
and s i x inches i n diameter (15 cm,), terminated by two s p h e r i c a l 
ends, One of the ends i s provided w i t h t w e n t y - f i v e ordinary gun 
n i p p l e s , screwed i n and furnished w i t h caps „ „ „ the upper part 
being much t h i n n e r , i n order t h a t the superior weight of the 
former may s t r i k e f i r s t upon the ground and explode the machine,,,,,," 
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(b) " I t was charged w i t h a pale yellow, f i n e , c r y s t a l l i n e , 
heavy substance, which i t has been ascertained to be pure 
mercury fulminate,,,,,, the experts several times l e t the s h e l l 
f a l l on the ground „»„ at the height of a man's wai s t , and i n 
every instance some caps exploded the moment i t f e l l o " 
What i s remarkable about t h i s instance i s t h a t f o r the r a t h e r 
l i m i t e d •= l i m i t i n g = p r o f i l e of p r o p e r t i e s which mercury fulminate 
o f f e r e d , a precise use was found on at l e a s t t h i s one occasion,, As a 
f i l l i n g f o r a t e r r o r i s t ' s bomb, mercury fulminate was a sound choices i t 
was, as was t e s t e d , very l i k e l y to have been r e l i a b l e i n use; the extreme 
brissance of the fulminate would have produced, w i t h i n a r e l a t i v e l y 
l i m i t e d r a d i u s , the most gruesome of rending e f f e c t s ; and cost, when 
i t i s considered t h a t the intended v i c t i m was Napoleon I I I , wou].d not 
have been p r o h i b i t i v e . 
Mercury Fulminate as an I n d u s t r i a l Hazard 
Some idea of the scale of production, and i n c i d e n t a l l y of the 
l a i s s e r - f a i r e c onditions under which small entrepreneurs were allowed 
to work w i t h s e n s i t i v e explosives i n urban areas, can be gained from a 
close reading of an account of an explosion which occurred at Birmingham 
"Birmingham was the scene of a t e r r i b l e explosion on 
Saturday week, by which nine persons l o s t t h e i r l i v e s and a 
large number were severely injured,, The accident took place 
i n a percussion cap manufactory belonging to Messrs., Walker, and 
s i t u a t e d i n Graham Street,, The work was c h i e f l y done by women 
and young persons, and they were met to receive t h e i r wages when 
the explosion took place, burying employers and employed i n a 
common ruin,, There were f i v e of the f a m i l y of the p r o p r i e t o r s on 
the premises at the time of the catastrophe = three sons and two 
daughters „„„ The b u i l d i n g was completely destroyed and the 
a d j o i n i n g property s e r i o u s l y injured,, The cause of the explosion 
remains a mystery^ I t appears, however, from the evidence of the 
s u r v i v o r s , t h a t the percussion powder was kept i n an i r o n safe i n 
as an 
i n 1862o 
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the c e l l a r of the premises, and t h a t s h o r t l y before the 
occurrence, one of the Plessrs, Walker went to the woman who 
had charge of the mixing and f i l l i n g department f o r the key 
of the chest, and then he and his brother went down t o the c e l l a r e t , " 
There i s no mention of any manufacture of mercury fu l m i n a t e on 
the premises,, But, i n t u i t i v e l y , i t i s suggested t h a t the probable 
p r a c t i c e would be f o r a 'manufacturing chemist', of which there were 
many i n our c i t i e s u n t i l a very few years ago, to make mercury fulminate 
i n bulk f o r supply to a number of small manufacturers c Tho making and 
f i l l i n g of caps looks to have been labour i n t e n s i v e ; while the making 
of the f u l m i n a t e , even i n considerable bulk, was a l i m i t e d and s p e c i a l i s t 
j o b , and also one where i t was desirable t h a t the pla n t be kept i n regular 
use„ Birmingham at the time of the accident described above was a noted 
centre f o r the production of cheap 'trade-guns' f o r the West A f r i c a trade. 
Also the American C i v i l War was a t i t s height so t h a t i t i s l i k e l y t h a t 
there were many small manufactories of the kind described,, 
The P r i n c i p a l A p p l i c a t i o n of Mercury Fulminajte^ 
The a p p l i c a t i o n of mercury fulminate to the i n i t i a t i o n of chemical 
explosives i s almost c e r t a i n l y the mosj^ important advance i n the develop^ 
merit of explosives tgcjinologyo 
The c o n t r i b u t i o n made by the fulminate cap was twofold,, The use 
of a b l a s t i n g cap allowed the f u l l and complete combustion of a charge of 
explosive,, I t also made i t possible to i n i t i a t e explosive reactions i n 
compounds which were o r d i n a r i l y too stable to be exploded by any other 
means. The i n t r o d u c t i o n of such explosives as T J J . was u n l i k e l y t o 
have been possible without the a v a i l a b i l i t y of a s u i t a b l e i n i t i a t o r , . Lead 
azide, f o r example, the next most p r a c t i c a b l e f u l m i n a t e , d i d not come i n t o 
general use much before the beginning of the F i r s t World War. 
I l l u s t r a t e d London News 
5th Duly 1B62 
s i ves e 
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A l f r e d Nobel, whose biogra[i1;y i s too complete to bear much 
r e p e t i t i o n here, i s generally c r e d i t e d w i t h the i n v e n t i o n of the mercury 
fu l m i n a t e b l a s t i n g cap 0 I t was i n 1864 t h a t i t occurred to Nobel to use 
mercury fu l m i n a t e i n combination w i t h black powder, and l a t e r on w i t h a 
c h l o r a t e , to i n i t i a t e his b l a s t i n g o i l - But Nobel had f i r s t used another 
'patent i g n i t e r ' which i s said to have consisted of a glass of metal tube 
f i l l e d w i t h black powder and f i t t e d t o the end of a length of safety f u s e D 
The patent i g n i t e r worked more or less w e l l w i t h Nobel's b l a s t i n g o i l but 
i t was subject to occasional f a i l u r e , and, less permissible, i t sometimes 
l e f t unexploded m a t e r i a l i n the borehole 0 
I t w i l l be seen t h a t a l l the e x t e r i o r e s s e n t i a l s f o r the b l a s t i n g 
cap had been assembled beforehand - a l l t h a t was required was the 
s u b s t i t u t i o n of the fulminate mixture f o r the black powder,, 
The given date of 1864 f o r the beginning of Nobel's work on his 
f u l m i n a t e detonating cap implies t h a t he was working on the cap and 
dynamite (or at l e a s t on an explosive made from n i t r o g l y c e r i n e and some 
absorbent substance) roughly at the same time,, Yet IMobel waited f o r 
f u l l y three years before he secured his i n v e n t i o n w i t h an English p a t e n t 0 
This i s remarkable i n a man known f o r his astuteness i n the commercial 
development of his ideas 0 I t can be suggested t h a t the delay was owing 
to the sudden loss of f a i t h i n n i t r o g l y c e r i n e , , In many ways the events 
of 1864=65 p a r a l l e l the e a r l y d i s a s t e r s and delays encountered i n the 
development of gun=cotton 0 A major explosion i n which Nobel's youngest 
brother, Emil, was k i l l e d , occurred at the f i r m ' s Heleneborg laboratory,, 
Soon afterwards there were accidents when the l i q u i d explosive was used 
i n b l a s t i n g i n Panama, i n A u s t r a l i a , and i n San Francisco 0 There were 
devastating explosions i n Nobel's German and Belgian Factories,, Opinion 
turned against the use of n i t r o g l y c e r i n e , as i t had against gun-cotton,, 
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There was a f a i l u r e of commercial confidence i n n i t r o g l y c e r i n e as 
an inuestment proposition;, I t was not u n t i l the end of 1864 t h a t the 
Swedish f i n a n c i e r , 3oW0 S m i t t , invested the money needed f o r a new 
f a c t o r y at V i n t e r v i k e n near Stockholm,) 
This c r i s i s may have caused the delay i n Nobel's work on the 
b l a s t i n g cap and thus account f o r his delay i n taking out h is English 
patent. 
I t may also be the case t h a t while the f u l l u t i l i s a t i o n of n i t r o -
g l y c e r i n e was dependent upon the i n v e n t i o n of the b l a s t i n g cap, the 
widespread use of the b l a s t i n g cap depended upon the i n v e n t i o n of 
dynamite 0 Had there been as long a period of pu b l i c m i s t r u s t i n n i t r o = 
g l y c e r i n as there had been f o r gun-=cotton •=• had he not invented his 
dynamite - then the b l a s t i n g cap would have wanted f o r an a p p l i c a t i o n 0 
A l f r e d Nobel's English patent (No„l,345) i s dated 7th Hay 1867o 
But there i s some evidence t o show t h a t mercury ful m i n a t e caps were i n 
use elsewhere f o r some years before the idea was secured by a patento 
The Engineer of the 12th Ray 1863 contains a short a r t i c l e d e s c r i b i n g 
ourrent Swedish practices 
"The process i s very easys i f the chamber of the mine 
presents f i s s u r e s i t must f i r s t be l i n e d w i t h clay to make i t 
w a t e r t i g h t ; t h i s done, the n i t r o g l y c e r i n e poured i n , and water 
a f t e r i t = which being the l i g h t e r l i q u i d remains a t the t o p 0 
A slow match ( s a f e t y fuse) being introduced, w i t h a w e l l charged 
percussion cap, at one end i s introduced i n t o the n i t r o g l y c e r i n e , , " 
But very much more i m p o r t a n t l y from the point of view of showing 
the course of development of mercury fulminate i n b l a s t i n g caps i s a 
r e c o l l e c t i o n by a B r i t i s h c i v i l engineer of an even e a r l i e r use of 
fulminate caps to i n i t i a t e explosions,, The occasion i s the discussion 
period f o l l o w i n g on from the reading of a paper by S i r Frederick Augustus 
Abel t o the I n s t i t u t e of C i v i l Engineers i n 1880 o 
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"Mr. Andre; 
The Author of the paper (F0A» Abel) had gone back to the 
year 1869, when experiments were made on the detonation of gun-
powder 5 but i n the year 1854 General Picot published a work on 
the A r t of Siege Warfare, and i n which t h a t he advocated the 
detonation of gunpowder by means of fulminate of mercury detonators,, 
He s a i d ; 'For detonators we used copper cases eleven m i l l i m e t r e s i n 
diameter, containing one gramme of cap composition, f i t t e d to the 
end of Bickford safety fuze,,, Long continued use of these caps 
showed t h a t f o r a given e f f e c t we might reduce the q u a n t i t y of 
powder by one t h i r d , or w i t h equal charges obtain the g r e a t l y 
increased e f f e c t „. o t h i s mode of f i r i n g has important advantages0„." 
The a r t i c l e on explosives i n the 1870 e d i t i o n of Spon's D i c t i o n a r y 
o_f Techno 1 ogy describes and i l l u s t r a t e s what i s i n a l l i t s e s s e n t i a l s a 
modern high explosive charges purpose prepared, i n i t i a t e d by a two~stage 
primer c o n t a i n i n g a fu l m i n a t e and an i n i t i a t i n g m a t e r i a l , and needing no 
stemming,, 
The method described i s t h a t f o r gun=cotton, and t h e r e f o r e , although 
no reference i s given i n the t e x t , i t i s very probably taken from the 
s p e c i f i c a t i o n of Brown and Abel's patent,, The use of an i n i t i a t o r of 
dry_ gun=cotton = which allowed a main charge of wet gun=cotton t o be 
exploded i s significaiht„ 
"The mode of operation i s as followss= 
The detonating substance i s placed i n a t i n tube of the 
dimensions shown,„„„11 
(The engraving used i n the source a r t i c l e i s reproduced 
here ra t h e r than i n an appendix, since i t i s very simple and can 
be taken i n at a glance),, 
The Discussion Sedtion of Paper 1712 
''Exp.lpsiv eJ\Qentj^apjglied to^Jtndu>stvj.al_Purposes" by Frederick Augustus 
Abel," Co Bo" F.R.So C o E „ 23rd March 1880 o 
Proceedingsi_ of_ .the i n s t i t u t e pf__Qiyj. 1 Enj^ineers^ 
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Length; 2 inches (5 cm.) 
Do Co Bo Ao 
cr~? 
"and i t occupies i n the i n s i d e of the tube the space from 
A to B (the mercury fulminate),, 
On t h i s a t C i s placed a small plug of gun-cotton, and the 
r e s t of the tube from C to the open end at D i s empty 0 
Before leaving the manufactory a small piece of paper i s 
pasted over the end merely t o prevent anything f a l l i n g i n t o i t , 
and t h i s paper, so long as i t remains, serves to d i s t i n g u i s h the 
charged or us e f u l primers, as the t i n tubes are c a l l e d , from the 
empty tubes. 
I t i s i n t h i s form t h a t the detonating primers are supplied 
from the manufactory 0 
These primers are, i n f a c t , large percussion caps, and are 
handled w i t h care, as also to be protected from f i r e , arrTfrom a l l 
v i o l e n t concussion0«„ They may not only be s a f e l y handled, but may 
be thrown about w i t h any freedom short of a c t u a l and i n t e n t i o n a l 
violence „ 0 o" 
To prepare the primer f o r use i t was necessary only to remove the 
paper plug and i n s e r t the end of a safety fuse u n t i l i t came i n t o contact 
w i t h the dry gun«cotton0 The tube was then "pressed close to the fuze by 
means of a p a i r of common p l i e r s ' 0 
This p a r t i c u l a r kind of primer was intended to be used w i t h Abel ss 
pulped and compressed gun-cottons 
"The charges of compressed gun~cotton are made w i t h a 
c i r c u l a r hole t o receive the f u z e 0 I n t o t h i s hole the small 
end of the primer i s i n s e r t e d , instead of the fuze 0 0»" 
B r i t i s h endeavour had been expended i n f i n d i n g a means of i n i t i a t i n g 
gun-cotton,, This l i n e of e f f o r t was i n keeping w i t h the competition 
which had taken place between Nobel, w i t h his dynamite (and h i s associated 
detonating cap), and Abel, and his supporters, w i t h t h e i r gun-cotton 0 
The two very s i m i l a r kinds of detonating cap were discovered at very 
nearly the same t i m e D However, A l f r e d Nobel must be allowed to have 
brought out his primer f i r s t s Nobel's patent was B r i t i s h patent No„1345 
of 1867, while Abel and Brown j o i n t l y took out B r i t i s h patent No„3115 of 
I 8 6 8 0 
There was i n p o i n t of fact very l i t t l e d i f f e r e n c e indeed between the 
two kinds of detonating cap 0 The wording of the s p e c i f i c a t i o n s i s 
i n t e r e s t i n g because i t seems t h a t n e i t h e r of the protagonists was i n c l i n e d 
to take i n as wide a d e s c r i p t i o n as patentees were usually wonted to do; 
(Nobel) 
"The detonation of n i t r o g l y c e r i n e i n the form of dynamite, 
under a l l conditions of confinement or non-confinement by means 
of a strong f u l m i n a t i n g c a p 0 o o " 
(Brown and Abel) 
" 0 0 0 applied to gunpowder, gun=cotton, and other explosive 
compounds, when i n an unconfined s t a t s , 
(5HS^£]S?J_Ln5. f° r 28th A p r i l 1871 gives a more than o r d i n a r i l y 
d e t a i l e d account of Brown's work w i t h gun=cotton and ful m i n a t e detonators),, 
I t can also be said t h a t Nobel demonstrated h i s detonator a good 
deal e a r l i e r than Brown and Abel; 
" r - l r , Nobel used h i s percussion fuses at the Rerstham 
experiments i n Duly of 1868, w h i l s t the experiments w i t h gun~ 
co t t o n exploded i n the same way were not c a r r i e d out u n t i l 22nd 
January 1 8 6 9 0 0 0 " 
EngineerinQj,_ 22nd September 1871 
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Rercury f u l m i n a t e detonators, b l a s t i n g caps, passed very q u i c k l y 
i n t o commonplace use. The form of the cap, w e l l before the t u r n of 
the century, became more or less standard; a seamless tube of n i c k e l = 
p l a t e d copper charged w i t h a precise amount of fulminate of mercury and 
ready to be crimped on to the end of a length of B i c k f o r d fuse or the 
leads from a magneto 0 
The Rare Use of S i l v e r Fulminate 
Within a considerable corpus of p r i n t e d source m a t e r i a l , only a 
s i n g l e instance of the use of any substance other than the fulminate of 
mercury as an i n i t i a t o r f o r explosives was found. The s i n g l e instance, 
which occurs i n a paper of the Royal Netherlands I n s t i t u t e of Engineers, 
c i t e s the use of caps con t a i n i n g 62 grains (4 grams) of the fulminate of 
s i l v e r as being used to detonate charges of both gunpowder and L i t h o f r a c t e u r 
i n the b l a s t i n g of fiack-ice from navigation channels. But no reason f o r 
the choice of the s i l v e r based compound i s given, and no remark i s made 
of i t s e f f i c i e n c y or otherwise. The only reason t h a t can be suggested 
f o r the use of s i l v e r i s t h a t i t may have been r e a d i l y a v a i l a b l e on an 
occasion when mercury was nots i t may have been a makeshift. 
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BICKFORD'S SAFETY FUSE 
Ao Preliminary Qualification 
W i l l i a m B i c k f o r d (1794-1834) i s generally c r e d i t e d w i t h the 
i n v e n t i o n of the s a f e t y fuse which has been c l o s e l y associated with his 
name0 This a s s o c i a t i o n has been assumed i n a l l save one of the p r i n t e d 
sources - many of them contemporary - so f a r consulted, A s i n g l e source 
casts doubt on William Bickford's claim t o be the inventor of the f i r s t 
s a f e t y f u s e 0 
Before going on to discuss the h i s t o r y of the t e c h n i c a l development 
of the B i c k f o r d fuse, i t w i l l be necessary f i r s t to present t h i s contrary 
evidence 0 and then t o o f f e r a l i m i t e d e v a l u a t i o n of i t 0 
The s i n g l e source of doubt found comes from a d i g e s t of law r e p o r t s 
it-published i n 1851 0 Among the cases c i t e d t o i l l u s t r a t e p o ints of 
United Kingdom patent law are three reports and a synopsis concerning 
p r o t r a c t e d l i t i g a t i o n entered i n t o between 1838 and 1839 by Elickford et als 
against 5j<ewes to o b t a i n , i n the f i r s t instance, an i n j u n c t i o n to prevent 
Skewes from manufacturing and s e l l i n g s afety fuses. 
Because the law r e p o r t s are long, and because they are couched i n the 
l e g a l language of more than a hundred years ago, only those portions which 
concern the i d e n t i t y of the i n v e n t o r w i l l be quoted. 
The f i r s t i n d i c a t i o n t h a t W i l l i a m Bickford was not the true inventor 
of the fuse he patented comes from a synopsis given as a guide at the 
beginning of the c o l l e c t i o n of cases. The points i t i s wished to 
emphasise w i l l be underlined, 
(a) " o o , the defendant (Skewes) applied to the Court to 
have the i n j u n c t i o n dissolved on the grounds t h a t t h e _ p l a i n t i f f s 
Law Reports and Cases^ by W i l l i a m Carpmael Esq,, Vol, I I , p 0459, B_t.se£. 
P r i n t e d and Published by A„ flaclntosh, 20 Great Mew S t r e e t , London, 1851, 
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d i d not invent the p a r t i c u l a r manufacture, but purchased the 
i n v e n t i o n from an Irishman, whose name was unknown to the defendant; 
and t h a t there had been no long enjoyment by the p l a i n t i f f s , and 
t h a t the b i l l of s p e c i f i c a t i o n l e f t i t i n doubt whether the patent 
was f o r the fuze or f o r the machinery f o r making the fuze„o„" 
And l a t e r on i n a case d i g e s t ; 
(b) "The Vice Chancellor = The Court sets the f a c t of the 
enjoyment against the l e g a l o b j e c t i o n e i t h e r of the badness of 
the s p e c i f i c a t i o n or the f a c t of the patentee not being the inventor,,,, 
And yet l a t e r again i n an exchange between Lord Chief J u s t i c e 
Denman and Plr» Sergeant Bompass 
(c) "Plr. Sergeant Bompas = I n support of the plea t h a t the 
i n v e n t i o n was not new, the, evidence showed t h a t there was an 
Irishman who went about s e l l i n g e xactly the same fuzes, t h a t he 
f i r e d them under water,. This was i n Redruth, i n the very centre 
of the mining population^, Nany persons saw them and took them i n 
t h e i r hands;; they were i n the form of a cord, they undid them, and 
saw the powders I t i s c l e a r t h a t the patentee must have got his 
i n v e n t i o n ^ r o m t h i s previous p u b l i c use, and a patent under such 
circumstances cannot be va l i d , , " 
The p l a i n t i f f s ( B i c k f o r d et a l s , ) had no strong counter case to 
offer,, Fir. J u s tice Coleridge at the Devonshire Assize; 
(d) " I thought fehis a l l a matter f o r the J u r y 0 There was a 
great deal of negative evidence on the part of the p l a i n t i f f s ; 
they c a l l e d a great many experienced miners who s a i d , t h a t , u n t i l 
t h i s i n v e n t i o n , they had never known anything l i k e it„" 
Clr„ Sergeant Bompas again; 
(e) The witness Trengrove saids-= " I saw the Irishman ten or 
eleven years ago i n the western p a r t of the mine D He had some 
safety rods with him, which he o f f e r e d to the men going underground,, 
He touched one end w i t h f i r e - the powder took l i g h t - burned a l l 
through from end to end - he threw i t i n t o the water = he stamped 
on i t , and threw i t about = there was no p u t t i n g i t out„ Outside 
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i t was hemp, bound round j u s t the same as we are using i t now? 
too, much r e s i n or t a r about i t s outside,, I saw no d i f f e r e n c e 
between i t and the 'safety'." Then your Lordship w i l l f i n d t h a t 
the witness Clement saids=> " I am a miner at Cambourne; reared 
t h e r e , and worked i n the mines i n the neighbourhood twenty years? 
worked at North Roskier. Whilst working there a man came round? 
they said he was an Irishman! about ten or a dozen years ago; saw 
him w i t h a thing_f^or_bl_asjyjTp^mirLes; i t was made of hemp or t w i n e 0 
j u s t the same as what the 'safety' i s made of now„ I do not know 
p a r t i c u l a r l y what part of the mine I was i n when I saw him there = 
near the shop, but I cannot say exactly where i t was? I had two 
of them i n my hand about eighteen or twenty_JLnches (51 cm.) lonqg 
we c a r r i e d two underground, put i t i n t o a hole, opened the end of 
i t , l i g h t e d i t ? i t went o f f very w e l l ; he had several more pieces, 
but I did not see him do anything w i t h i t . J_saiw__Eiickford's„ I 
know no_ d i f f e r e n c e be i.wean the two; they burn i n the same way0 
Mr. Thomas Davis worked there when I had t h i s from the 
Irishman; we were t a l k i n g to one another about i t ; he said there 
could be l i t t l e improvement,, 
I saw the Irishman i n the pub l i c house the same evening; 
he had plenty of these things w i t h him th e r e , they were t i e d round 
i n a bundle." 
( f ) Supposing t h i s evidence to be believed, I submit there was a 
pub l i c use, The true p r i n c i p l e i s t h i s , i n order to ensure t h a t 
when a person takes out a patent he s h a l l be r e a l l y the i n v e n t o r , 
some precaution i s necessary t h a t he should not have had the means 
of l e a r n i n g i t from others. There i s every reason to suppose t h a t 
Nr. B i c k f o r d obtained t h i s invention_Jjrom the Irishman andjjshe 
Learned Judge should have t o l d t h e _ j u r j ^ t h a t there had been a 
pjjbJLication, and a p u b l i c i s e of the_j.nvention before the date of 
the patents There i s _ j i o _ d_o^bt_ t h a t there was such a person as the 
Irishrnanj this^was^ agreed by the witnesses on both sides^^and_thgre. 
waj>^some_ evidence to sho_w_ that_P)r<> Bickford entered jLnto some agrees 
mervt at a pu b l i c house w i t h t h a t person,, This i s a l l strong evidence 
f o r the defendant, and the Dury should have found t h i s issue f o r the 
defendant. 
F i n a l l y , Lord Chief Dustice Denman; (On the above p o i n t s ) ; 
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" o » o but u)ith_jregard to the u j r d i c t being against the 
evidence, my brother Coleridge i s of the opinion t h a t the Jury 
exercised t h e i r judgement on the subj e c t , I have not the 
l e a s t doubt i t was l e f t f u l l y to them to exercise t h a t judgement, 
because i t i s clear otherwise, i t would have been a mere absurdity 
to ask t h e i r opinion on the e f f e c t of the evidence," 
That William Bickford was e n t i t l e d to be considered to be the 
invent o r of the safety fuse was a matter determined by an Assize 3ury 
i n a piece of c i v i l l i t i g a t i o n . Accordingly, i n law, he became so 0 
And i n consequence of t h a t v e r d i c t f o r anyone t h e r e a f t e r to have challenged 
his t i t l e c o u l d have l B a d to f u r t h e r expensive court proceedings. 
I t i s also necessary to be reminded th a t at the time of the Assize 
(Summer 1839) William Bickford had been dead f o r almost f i v e years. He 
was not, t h e r e f o r e , able to give h i s own testimony,, The a c t i o n was 
brought by William's son, Dohn Solomon B i c k f o r d , and his partners, Smith 
and Davey, f o r the sound commercial reason t h a t they wished to p r o t e c t 
t h e i r patent against infringement. F i l i a l p i e t y aside, there was 
al t o g e t h e r more at stake than the question of the primacy of the inventor,, 
An a d d i t i o n a l complication presents i t s e l f . I f the f i r s t spark of 
i n v e n t i o n did not f l a s h i n the b r a i n of William Bickf o r d then there i s -
f o r want of a candidate whose i d e n t i t y i s known — no other person to whom 
the i n v e n t i o n may be a t t r i b u t e d . 
The observation i s here made t h a t t h i s was a matter of technology 
and was s e t t l e d q u i t e q u i c k l y , and f o r ordinary purposes f i n a l l y , at law. 
Had i t been a matter of science, a dispute between say, chemists on some 
points of t h e o r e t i c a l i n t e r e s t , then the matter might not have been s e t t l e d 
even to the present. I t i s easy to see,and reasonable to speculate, how 
i t came about t h a t W i l l i a m B i c k f o r d was allowed to r e s t i n his primacys 
nobody at the time was g r e a t l y concerned. 
For present purposes then, i t w i l l be allowed t h a t W i l l i a m Bickford 
was a t the very l e a s t the developer of a very good idea. Whether he was 
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the a c t u a l inventor or whether he simply had the w i t to recognise and 
purchase a promising property w i l l be l e f t open 0 
I t may be no accident t h a t t h i s p a r t i c u l a r case was chosen f o r 
i n c l u s i o n i n a c o l l e c t i o n of cases intended to show the complexities of 
patent law, Mr.. Carpmael, the compiler, was a lawyer, a Member of the 
Honourable Society of Lincoln's Inn; but he was also a Member of the 
I n s t i t u t i o n of C i v i l Engineers,, Indeed f i r * Carpmael addressed the 
I n s t i t u t e at the very same meeting at which Colonel C o l l i . Pasley read his 
own paper on the use of Bickford fuse i n underwater work 0 
Some f u r t h e r study of the l e g a l record r e l a t i n g to the cases of 
Bickford e t als \l Skewes ( Q 0 B 0 938 5 4 Fly*, and Cr„, 498$ Webs<,R„, 211= 
214), p a r t i c u l a r l y by someone w i t h the l e g a l t r a i n i n g to read them a r i g h t , 
could w e l l lead to some more d e f i n i t e h i s t o r i c a l conclusions,, 
(a) " I embrace i n the centre of my fuze, i n a continuous l i n e 
throughout i t s whole l e n g t h , a small p o r t i o n or compressed c y l i n d e r , 
or rod of gunpowder „»„ and which fuze so prepared I afterward more 
e f f e c t i v e l y secure and defend by a covering of strong twine made of 
s i m i l a r m a t e r i a l (Hemp) and wound thereon at r i g h t angles to the 
former twist,„„" 
The s p e c i f i c a t i o n of B r i t i s h patent (No 06159) dated 6th September 1831, 
i s deceptively simple and s t r a i g h t f o r w a r d i n i t s wording. I t i s at f i r s t 
reading hard to see what i t was t h a t the Cornish hide merchant was t r y i n g 
to patent t h a t was so novel at a l l 0 Fuses of one kind or another were at 
l e a s t as old as gunpowder i t s e l f . And indeed W i l l i a m Bickford goes on to 
acknowledge th a t f a c t f u l l y i n the same s p e c i f i c a t i o n s 
(b) "000 and I use them e i t h e r underwater on on land »°„ as 
occasions r e q u i r e , i n manner long p r a c t i s e d and w e l l known to 
miner and b l a s t e r s of rock," 
I t was not so much a fuse t h a t William B i c k f o r d had patented - i t 
was a way of making fuses, 
jP g j l ' j j . D i c t i o r i a r y of Engineering, E<> & F o N , Span, Ed„ Byrne, London 1870, 
16D7, ^ t ^ e ^ o 
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B i c k f o r d ' s p a t e n t c o n t r i b u t e d what c o u l d be c a l l e d an e n a b l i n g 
process„ I t made p o s s i b l e f o r t h e f i r s t t i m e the p r o d u c t i o n of a 
u n i f o r m p r o d u c t , i n q u a n t i t y < , 
I t i s n o t u s u a l t o c o n c e i v e of a consumable l i k e fuse c o r d i n t h e 
same way t h a t we m i g h t o f i n t e r c h a n g e a b l e m e t a l p a r t s i n machines, but 
i t here suggested t h a t B i c k f o r d ' s §use was as i m p o r t a n t a c o n t r i b u t i o n 
t o s t a n d a r d i s a t i o n , i n p e r f o r m a n c e , as a n y t h i n g c o n t r i b u t e d by mechanical 
e n g i n e e r i n g 0 
W i t h t h e advent of a r e l i a b l e s a f e t y f u s e some a t l e a s t of the 
a l m o s t m y s t i c a l l o r e a t t a c h e d t o t h e use of gunpowder f o r b l a s t i n g become 
redundanto A miner t h e r e a f t e r c o u l d broach a p a r c e l of f u s e and a n t i c i p a t e 
w i t h r e a s o n a b l e c o n f i d e n c e t h a t i t would burn a t a c e r t a i n speed, a c e r t a i n 
a p p r o x i m a t e speed, would seldom h a n g - f i r e , and so o n 0 The s p e c i f i c 
q u a l i t i e s t h e new f u s e o f f e r e d w i l l be examined i n d e t a i l p r e s e n t l y , , 
The advantages which t h e new f u s e b r o u g h t were q u i c k l y a p p r e c i a t e d 
by men who had i n o t h e r ways been f o r many years a t t e m p t i n g t o s o l v e t h e 
d i f f i c u l t t e c h n i c a l problems a s s o c i a t e d w i t h b l a s t i n g 0 B i c k f o r d ' s f u s e 
may have made p o s s i b l e work which was j u s t beyond t e c h n i c a l f e a s a b i l i t y 
w i t h t h e o l d e r methods,, At t h e v e r y l e a s t i t made easy t a s k s which had 
b e f o r e been u n c e r t a i n and d i f f i c u l t y I t s h o u l d be remembered t h a t a t t h e 
t i m e of t h e i n v e n t i o n of B i c k f o r d ' s f u s e b l a c k gunpowder was s t i l l t h e o n l y 
e x p l o s i v e i n p r a c t i c a l use = a s i m p l e c o n f l a g r a t i n g e x p l o s i v e . 
The enthusiasm w i t h which t h e fuse was welcomed i s best i l l u s t r a t e d 
by the somewhat wry comments of C o l o n e l CWo Pasley o f the Royal E n g i n e e r s , 
qn o f f i c e r whose c a r e e r c l o s e l y p a r a l l e l e d t h e development o f the new 
e x p l o s i v e s , and p a r t i c u l a r l y t h e i r a p p l i c a t i o n ; 
"Here have I , w i t h t h e A r s e n a l ( R o y a l L a b o r a t o r y ) behind me 
been a l l these years t r y i n g t o scheme a s a f e and s i m p l e means o f 
c o n v e y i n g f i r e t o t h e b l a s t i n g charge, and never t h o u g h t t o make 
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b l a c k gunpowder burn s l o w l y and r e g u l a r l y , , which a C o r n i s h 
man has d i s c o v e r e d i n a r o p e = w a l k 0 " 
C o l o n e l Pasley might w e l l have expressed s u r p r i s e , , But i t was 
perhaps because the Cornishman had sp e n t t i m e i n a rope=walk t h a t he 
was a b l e t o approach the problem d i f f e r e n t l y , , 
The i n v e n t i o n o f the s a f e t y f u s e y i e l d s two examples o f n o t un-
common phenomena i n the h i s t o r y of s c i e n c e i n g e n e r a l , and of t e c h n o l o g y 
i n p a r t i c u l a r On t h e one hand t h e r e was t h e e x i s t e n c e o f a b l i n d s p o t 
i n t h e i d e a s o f one group o f w o r k e r s , which perhaps was d e r i v e d f r o m 
t h e i r b e i n g t o o c l o s e t o the problem,, I n t h i s case the m i l i t a r y e n g i n e e r s , 
p y r o t e c h n i s t s , and powder-makers may have been p r e - o c c u p i e d , had a f i x e d 
' s e t ' , which caused them t o approach the problem, as i t were, from the 
gunpowder e n d 0 They had been l o n g concerned e i t h e r t o g e t the gunpowder 
i n t o t h e p r o t e c t i v e c a s i n g f r o m one end, a f t e r the c a s i n g had been 
p r e p a r e d , as w i t h s t r a w , r e e d , or paper f u s e s ; or they had t r i e d t o h o l d 
th e powder column i n p l a c e by h a v i n g the powder g r a i n s s t u c k f i r s t t o a 
c e n t r a l c o r d 0 As w i l l be seen p r e s e n t l y none of t h e approaches t o t h e 
s o l u t i o n o f t h e problem c o u l d q u i t e o f f e r t he advantages t h a t the i n t r o = 
d u c t i o n of t h e B i c k f o r d f u s e brought,, 
Only t h e powder hose used by t h e m i l i t a r y f o r d e s t r u c t i v e d e m o l i t i o n 
c o u l d be s a i d t o have approached t h e problem f r o m about t h e same d i r e c t i o n , , 
The powder hose was a l e a t h e r tube f i l l e d w i t h gunpowder,, The l e a t h e r was 
f o l d e d a l o n g i t s l e n g t h t o f o r m the main tube and t h e n , a t t h e open s i d e , 
f o l d e d over y e t a g a i n t o g i v e a f o u r f o l d t h i c k n e s s a l o n g t h e seam, ( T h i s 
i s c o n j e c t u r e , but i t i s suggested t h a t t he method o f sewing used would have 
been t h a t o f the s a d d l e r where two needles a re ussd, t o c r o s s each o t h e r ' s 
paths down t h e seam; t h i s a l l o w s t h e seam t o be p u l l e d v e r y t i g h t ) , . 
The powder hose c o u l d be f i l l e d as t h e seam p r o g r e s s e d ; which i s why 
•55-The Rise and P r o q r e s s _ o f the B r i t i s h E x p l o s i v e s I n d u s t r y , , 
( V l l t h o I n t e r n a t i o n a l Congress of A p p l i e d Chemistrys E x p l o s i v e s 
S e c t i o n ) London? U h i t t a k e r & Co„ 1909, p 0117 e t _seq<, 
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i t c o u l d be s a i d t o have come c l o s e s t t o t h e B i c k f o r d f u s e i n i t s con-
ception,, The powder hose wo u l d , of c o u r s e , have been e x t r e m e l y p r o d i g a l 
o f gunpowder because of the d i f f i c u l t y of making a very t h i n tube w i t h h i d e 0 
A l l of these approaches t o the s o l u t i o n of the problem were beset 
by a t l e a s t two s e t s of l i m i t a t i o n s , . There were l i m i t a t i o n s on t h e s i z e -
t h e n a t u r a l s i z e — i n which t h e raw m a t e r i a l s came t o hand i n those timeso 
T h i s must s u r e l y have imposed l i m i t s on the way t h a t people t h o u g h t = 
c o u l d s e n s i b l y t h i n k •= about t h e i r m a t e r i a l s , , A h i d e f o r example, even 
when c u t s p i r a l l y , would o n l y g i v e so many meters of l e a t h e r s t r i p c There 
was i n a d d i t i o n t he problem of t h e seam. I t s h o u l d be remembered t h a t 
t h e problem of p r o d u c i n g a seamless tube was n o t s o l v e d f o r any b u t the 
most t r a c t a b l e o f m a t e r i a l s u n t i l w e l l i n t o t h e p r e s e n t century,, 
There was a l s o t h e very i m p o r t a n t l i m i t a t i o n on t h e s i m p l e n i m b l e -
ness of human f i n g e r s , , Fuse making was an u n c e r t a i n business when done 
by hand, and t h e o u t p u t c o u l d never have been high,, Q u a n t i t y p r o d u c t i o n 
w a i t e d on the i n t r o d u c t i o n of a machines The b r i n g i n g t o g e t h e r o f t w e l v e 
s t r a n d s o f y a r n , the t w i s t i n g o f them t o g e t h e r so t h a t t h e y enclosed a f i n e 
and c o n t i n u o u s t h r e a d o f powder,was a j o b beyond human d e x t e r i t y 0 
The second o f the phenomena suggested i s t h a t o f s c i e n t i f i c o r 
t e c h n o l o g i c a l 1cross=pollination 1„ The i n v e n t o r may have h i t upon h i s 
s o l u t i o n t o t h e problem because of h i s n a t u r a l ' s e t ' towards rope=making 0 
Added t o t h i s t h e r e i s t h e f a c t t h a t he l i v e d i n a m i n i n g community where 
powder was much used and t h e r e were many a c c i d e n t s due t o i t s improper use„ 
T h i s i s seen as t h e obverse of t h e l i m i t i n g s e t of the m i l i t a r y e n g i n e e r s 0 
Chains o f l o o s e l y d e d u c t i v e r e a s o n i n g about t h e nexus of con= 
t r i b u t i n g f a c t o r s as t o why a g i v e n d i s c o v e r y i s made a t one pl a c e and 
n o t a n o t h e r , a t one t i m e and n o t a n o t h e r , a re n o t o f t e n s u s t a i n a b l e , , 
But i n t h e case of s a f e t y f u s e some o u t s t a n d i n g f a c t o r s do advance them= 
s e l v e s v e r y s t r o n g l y s 
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( i ) C o r n i s h m e t a l i f e r o u s m i n i n g i s m i n i n g i n hard r o c k ; 
t h e r e f o r e t h e r e was an im p e t u s t o adopt gunpowder early,, 
( i i ) The v a l u e of t h e m e t a l won r e l a t i v e t o the q u a n t i t y 
o f gangue m i n e r a l t o be b r o u g h t down was h i g h ; t h e r e f o r e gun= 
powder would be used e x t e n s i v e l y because the e n t e r p r i s e would 
bear the costo 
( i i i ) I n m e t a l i f e r o u s m i n i n g i t i s necessary t o f o l l o w the 
l o d e wherever i t l e a d s ; t h e r e f o r e the miners would have t h e 
problem o f f i r i n g s h o t s a t a l l a n g l e s . 
( i v ) A charge i n h a n g - f i r e rendered the g a l l e r y unworkable 
f o r an a p p r e c i a b l e t i m e and t h e r e f o r e r e p r e s e n t e d a l o s s t o both 
miners and mast e r s . 
( v ) A dead or i n c a p a c i t a t e d miner tended n o t t o be e a s i l y 
r e p l a c e a b l e because l a b o u r was n o t g r e a t l y mobile,, He a l s o 
r e p r e s e n t e d a charge on a community w i t h s m a l l s u r p l u s w e a l t h 0 
T h e ^ P r e c u r s o r s of S a f e t y Fuse 
Only by l o o k i n g f i r s t at t h e p r i n c i p a l ways i n whi c h a charge was 
f i r e d b e f o r e t h e i n t r o d u c t i o n of B i c k f o r d ' s f u s e can t h e advance made be 
f u l l y a p p r e c i a t e d , A b r i e f s urvey o f these methods w i l l now be given,, 
I t i s n o t d i f f i c u l t t o see t h a t t h e y were a l l more_or l e s s dangerous,, 
The Powder T r a i n 
A s i m p l e t r a i n of s p i l l e d gunpowder g r a i n s was t h e e a r l i e s t means 
of s e t t i n g f i r e t o a powder charge,, The most obvious d i s a d v a n t a g e i s 
t h a t t h e t r a i n was s u b j e c t t o i n t e r r u p t i o n by damp or draught,, I t was 
f a s t i n i t s a c t i o n , , Host importantly„ a powder t r a i n c o u l d n o t by i t s e l f 
r e s t on a steep i n c l i n e , , 
- I l l " 
The Simple Fuse 
At i t s most s i m p l e , t h e f u s e i s a powder t r a i n which has been 
e n c l o s e d i n a p r o t e c t i v e and s u p p o r t i n g c o a t i n g , and, as has a l r e a d y 
been mentioned, t h e d i f f i c u l t y w i t h f u s e s l a y i n t h e g e n e r a l u n a v a i l a b i l i t y 
of s u f f i c i e n t l e n g t h s o 
The Miner's Squib 
T h i s i n g e n i o u s b u t e x t r e m e l y dangerous method i s most l u c i d l y 
d e s c r i b e d by a near contemporary account t a k e n from a p r o f e s s i o n a l j o u r n a l . , 
I t i s n o t e d t h a t B i c k f o r d ' s f u s e had been i n use f o r seven y e a r s when t h i s 
paper was read„ 
The b i t or i r o n r o d , c a l l e d a jumper, i s g e n e r a l l y used. 
I n p i t c h i n g a docp h o l e , a two i n c h (5 cm.) b i t i s used f o r about 
f o u r f e e t (lo22m 0)5, and a s e v e n - e i g h t h s (2.22 cm.) i n c h b i t f o r 
the n e x t f o u r f e e t (122 cm.), by one man; then two men are employed 
w i t h one and t h r e e q u a r t e r i n c h ( 4 0 5 cm.) b i t s t o the depth of 
f o u r t e e n f e e t (4.27 m 0 ) , and a one and f i v e e i g h t h s i n c h b i t (4 cm.) 
t o t h e depth of twenty—one f e e t ( 6 0 4 m 0)o A c o n s t a n t s u p p l y o f 
water i s r e q u i r e d d u r i n g b o r i n g the h o l e 0 The h o l e being w e l l 
d r i e d , about one t h i r d i s f i l l e d w i t h powder, say f i f t e e n pounds 
( 6 0 8 K g 0 ) ; a needle i s i n t r o d u c e d as f a r as p o s s i b l e w i t h o u t 
d r i v i n g i t ; t h e h o l e i s t h e n tamped w i t h d r i e d c l a y t o the t o p , 
and then covered w i t h a l i t t l e l o o s e c l a y t o p r e v e n t any l o o s e 
p a r t i c l e s f a l l i n g i n when t h e needle i s withdrawn,, A r e e d , f i l l e d 
w i t h powder and s p l i t a t t h e t o p t o p r e v e n t i t s f a l l i n g t o the bottom 
of the h o l e , i s i n s e r t e d , and a stone l a i d upon i t ; t h e powder being 
i g n i t e d by a p i e c e of t o u c h paper and a t r a i n , the reed f l i e s t o the 
bottom of the h o l e , and i g n i t e s the main l o a d . 
The r o c k i s g e n e r a l l y cracked and loosened t o a c o n s i d e r a b l e 
e x t e n t , i f n o t thrown i n ; i n t h a t case the needle i s d r i v e n t h r o u g h 
th e tamping and a f r e s h charge i s r u n t h r o u g h t h e needle h o l e as may 
be r e q u i s i t e , , From s i x t o e i g h t t o n s of r o c k (6.096 tonnes <=> 8.128 
to n n e s ) are g e n e r a l l y b l a s t e d w i t h one hundredweight ( 5 1 Kg.) of 
gunpowder. 
C)£L _The_ Lime_sJ:qp_e__fJemBnt_^nd_ Method of B l a s t i n g , 
i n t h e neighbour hopd j j f _ _ P l y n ] P . u t h , by W. S t u a r t , 
Ho I n s t o C . E o 
Proceedings of t h e I n s t i t u t e of C i v i l E n g i n e e r s , 2 4 t h A p r i l 1838 0 
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The above passage serves w e l l t o i l l u s t r a t e t he problems which 
a t t e n d e d the b r i n g i n g about a b l a s t w i t h o u t e n d a n g e r i n g the s a f e t y o f 
the o p e r a t i v e s . The hazards l o o k t o have been c e n t r e d m a i n l y about 
t h e consequences of a m i s f i r e . 
The need t o use t h e dangerous s q u i b method i s p l a i n s the charge 
a t i t s n e a r e s t access standa f o u r t e e n f e e t f r o m t h e surface,, A f o u r t e e n 
f o o t l o n g f u s e made f r o m s t r a w s or r e e d s e c t i o n s j o i n t e d t o g e t h e r would 
i n t r o d u c e a h i g h f a i l u r e r a t e i f t h e f r a g i l e f u s e were even a l i t t l e 
damaged d u r i n g t h e s t e m m i n g - i n 0 
The use of the s q u i b r e q u i r e s t h a t t h e bore=hole be v e r t i c a l and 
downwardo T h i s would be by no means always the o r i e n t a t i o n i n a mine 
where t h e r e was a v e i n t o be f o l l o w e d a t the most economical l i n e of 
approach,, 
The Advantages O f f e r e d by t h e New Fuse 
Having r e v i e w e d b r i e f l y t he d i f f i c u l t i e s and l i m i t a t i o n s t h a t went 
w i t h t h e main methods i n use b e f o r e t h e s a f e t y f u s e became g e n e r a l l y 
a v a i l a b l e , i t w i l l now be a p p r o p r i a t e t o l o o k a t the advantages t h e 
i n v e n t i o n b r o u g h t . 
The B i c k f o r d f u s e would have been strong,, The t w e l v e s t r a n d s o f 
j u t e or hemp y a r n would have been every b i t as m e c h a n i c a l l y strtong w i t h 
the powder core as without,, The main advantage here was the f u s e c o u l d 
bear i t s own w e i g h t even when hanging i n a l o n g l o o p 0 I t i s p r o b a b l e 
t h a t even when a f u s e had burned a l o n g i t s l e n g t h i t s t e n a c i t y would 
s t i l l n o t have been much reduced. 
Because the gunpowder was so t h i n and so compacted, and because t h e 
p r o t e c t i v e c o v e r i n g was so r e l a t i v e l y t h i c k and t o u g h , the f u s e was r o b u s t 
i t c o u l d , f o r example, be s t o o d upon w i t h o u t i t s b e i n g e i t h e r damaged or 
h a v i n g t h e flame p u t o u t . 
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The f l e x i b i l i t y t h e f u s e s t o o d t o have been u s e f u l i n some 
situations„ 
B i c k f o r d ' s s a f e t y f u s e came most u s u a l l y i n t w e n t y f o u r f o o t coils» 
The advantage o f h a v i n g f o r the f i r s t time r e a d i l y a v a i l a b l e , u n j o i n t e d , 
l o n g l e n g t h s o f f u s e would-have been r e a d i l y a p p r e c i a t e d . The a p p r e c i a t i o n 
would have been dependent upon t h e f u s e b e i n g r e l i a b l e a l o n g i t s e n t i r e 
l e n g t h . 
But by f a r and away th e g r e a t e s t advantage o f the s a f e t y f u s e was 
t h a t i t o f f e r e d a p r e d i c t a b l e and c o n s i s t e n t r a t e o f combustion,, 
By a r e c e n t c i r c u l a r t h e maximum r a t e o f b u r n i n g of a c o i l 
o o o i s f i x e d a t s i x minutes f o r t w e n t y f o u r f e e t ( 7 0 3 m), or forty>= 
f i v e seconds per y a r d ( 9 1 c m 0 ) , and t h e minimum r a t e o f b u r n i n g a t 
t e n m i n u t e s , or s e v e n t y f i v e seconds per y a r d 0 The r a t e o f b u r n i n g 
-if 
o f t h e f u z e i n each cask i s marked on t h e o u t s i d e , a margin of 
f i v e seconds over or under t h e s p e c i f i e d r a t e being a l l o w e d . I f 
the b u r n i n g r a t e o f any p i e c e o f B i c k f o r d ' s f u z e i s n o t known, i t 
must be remembered t h a t i t may burn as q u i c k l y as f o u r f e e t (122 cm.) 
per minute„ 
I n s t r u c t i o n s t o M i l i t a r y E n g i n e e r s 
Sec. 23, 1870 
School o f M i l i t a r y E n g i n e e r i n g 
Chatham,, By C0W. Pasley 
War O f f i c e Pub 0 
Horseguards, London,, 
How t h e F»se_ Worked 
Perhaps the above q u o t a t i o n s h o u l d cause a m o d i f i c a t i o n of the 
s t a t e m e n t about t h e p r e d i c t a b i l i t y of the s a f e t y f u s e ' s r a t e of combustions 
perhaps i t s h o u l d be a l t e r e d t o r e l a t i v e l y p r e d i c t a b l e , , There was n o t h i n g 
a t t h e t i m e w i t h which i t c o u l d f a i r l y be compared,, At t h e v e r y worst 
i t c o u l d be s a i d t o be so much b e t t e r t han a n y t h i n g a v a i l a b l e before,, The 
Fuse f o r the m i l i t a r y was d e l i v e r e d i n c a s k s j f o r the c i v i l market 
i t was s o l d i n ' p a r c e l s ' . 
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i m p o r t a n t q u e s t i o n i s how was t h i s slow r a t e of b u r n i n g achieved? 
Size o f g r a i n , compaction o f t r a i n , d i a m e t e r of the powder core 
b u t i t would be d i f f i c u l t t o say w i t h any c o n v i c t i o n which was c r i t i c a l , , 
I t s h o u l d , however, be s a i d t h a t none of the sources c o n s u l t e d has ever 
i n d i c a t e d t h a t any i n h i b i t i n g substance has ever been used i n t h e core 
o f a s a f e t y f u s e ; the end was always a c h i e v e d w i t h common b l a c k gunpowder. 
For t h e p r e s e n t i t w i l l be u s e f u l t o a p p l y some common-sense 
i n s i g h t i n the way t h e B i c k f o r d f u s e works i n t h e way i t d o e s s so 
r e m a r k a b l y d i f f e r e n t l y , so much more s l o w l y , and y e t so much more 
r e l i a b l y t h a n o t h e r s i m p l e f u s e s . 
Consider a h o l l o w reed f i l l e d w i t h g r a i n s o f gunpowder and i g n i t e d = 
t h e most s i m p l e k i n d of f u s e . A l l o w a l s o t h a t i n t h i s case t h e powder 
g r a i n s are v e r y c o a r s e . Looked a t c l o s e l y t h i s i s a column of gunpowder 
g r a i n s , e n c l o s e d and w i t h a i r spaces between the i n d i v i d u a l g r a i n s . I n 
terms o f the volume o f t h e case t h e a i r spaces m i g h t r e p r e s e n t a q u i t e 
l a r g e p r o p o r t i o n of t h e t o t a l . 
I t was known a t l e a s t as e a r l y as the b e g i n n i n g o f the n i n e t e e n t h 
c e n t u r y t h a t a s i n g l e g r a i n of gunpowder was capable of i g n i t i n g a n o t h e r 
s i n g l e g r a i n o f gunpowder a t up t o e i g h t d i a m e t e r s d i s t a n c e i n t h e open 
a i r D T h i s m i g h t a l l o w i t t o be s a i d t h a t l o o s e gunpowder w i t h a i r 
spaces between the g r a i n s would burn q u i c k l y because one g r a i n would r e a d i l y 
be a b l e t o i g n i t e a n o t h e r i n a s o r t o f domino e f f e c t , , I n the c o n f i n e s 
of f u s e w a l l s t h e r e m i g h t be t h e a d d i t i o n a l f a c t o r t h a t t h e b u r n i n g powder 
would g e n e r a t e p r e s s u r e t o speed t h e process,, 
C l o s e l y packed b u t f i n e r g r a i n s 9 on t h e o t h e r hand, would have 
p r o g r e s s i v e l y more but a l s o s m a l l e r and more i s o l a t e d a i r spaces. The 
b u r n i n g s u r f a c e o f any g r a i n i n a c l o s e backed column would be i n h i b i t e d 
by i t s n e x t n e i g h b o u r That i s t o say, b e f o r e the b u r n i n g f a c e i n t h e 
" N i c h o l s o n ' s D i c t i o n a r y of A r c h i t e c t u r e , London, 1B18 0 
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f u s e can advance i t must consume the powder which l i e s i n i t s way, as i t 
were, s e r i a l l y . , 
I n r e f e r r i n g t o c l o s e p a c k i n g i n powder g r a i n s a d i s t i n c t i o n i s 
drawn between c l o s e p r o x i m i t y and a c t u a l compaction,, The f o r m e r i s meant-
Such i n f o r m a t i o n as has been found on t h e s i z e of powder g r a i n used 
i n f u s e making i n d i c a t e s a g r a i n s i z e t h a t would pass t h r o u g h a s i e v e 
w i t h f o r t y meshes t o the i n c h ( 2 0 5 4 cm„) as t h e l a r g e s t p e r m i s s i b l e s i z e , 
and a g r a i n s i z e t o pass t h r o u g h a s i e v e w i t h e i g h t y meshes t o t h e i n c h 
( 2 0 5 4 cm a) as t h e smallest,, 
I t i s observed t h a t r e l a t i v e t o the s i z e of the powder g r a i n s i n 
th e c o r e , the f i b r e s of j u t e or hemp used would be o f a q u i t e a p p r e c i a b l e 
s i z e . They would a l s o , i t i s v i s u a l i s e d , i n t e r m i x w i t h t h e s m a l l powder 
g r a i n s a l o n g the course of the c o r e , t a k i n g up some of the r e m a i n i n g a i r 
spaces 5 b u t more i m p o r t a n t l y , these s m a l l f i b r e s would s t a n d i n t h e p a t h 
o f the a d v a n c i n g b u r n i n g f a c e , and t h e r e t a k e up a s m a l l b u t s i g n i f i c a n t 
p a r t o f t h e oxygen l i b e r a t e d i n t h e burning,, The s m a l l e r i n d i a m e t e r t h e 
powder c o r e , the g r e a t e r t h e r e l a t i v e e f f e c t of t h e i n t e r m i x e d f i b r e s i s 
l i k e l y t o have been,. 
The ' l a y ' of a rope i s n o t s t r a i g h t , , I f a number of cords are 
t w i s t e d t o g e t h e r , t h e c e n t r a l c a v i t y l e f t w i l l t e n d towards a s h a l l o w 
s p i r a l s T h i s can be demonstrated by t w i s t i n g f o u r or more s h o r t l e n g t h s 
of c l e a r p l a s t i c t u b i n g i n t o a handspan of rope,, I f a f u r t h e r l e n g t h o f 
c o l o u r e d and much t h i n n e r p l a s t i c f l e x i s then p u t i n t o t h e c e n t r e p o s i t i o n 
t o r e p r e s e n t the powder c o r e , when th e t u b i n g i s a g a i n t w i s t e d t o g e t h e r 
t h e p a t h of t h e 'core' w i l l bo seen t o u n d u l a t e when viewed from any 
a n g l e ; i t s p i r a l s , , The c o r e of a s a f e t y f u s e would,then,appear t o be 
a c t u a l l y somewhat l o n g e r t h a n m i g h t a t f i r s t be thought,, I n comparing 
the r a t e a t which two d i f f e r e n t f u s e s might b u r n , i t i s p o s s i b l e t h a t t h e 
d i a m e t e r o f the core i t s e l f m i g h t a f f e c t t h e speed of b u r n i n g s the l a r g e r 
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t h e diameter of t h e core t h s f a s t e r t h e r a t e of b u r n i n g , because the 
l a r g e r c o r e made f o r a s h o r t e r burning» 
The ' S p i t ' 
The ' s p i t * , t h a t i s t o say t h e t e r m i n a l s p u r t of flame which 
r e s u l t s when t h e l a s t p a r t o f the b u r n i n g s u r f a c e approaches c l o s e l y t o 
t h e end o f the f u s e and i s t h u s a b l e t o blow o u t o f t h e u n c o n f i n e d end 
o f the c a s i n g as a s p u r t o f f l a m e , a f f o r d e d an e x t r a impetus t o t h e 
i g n i t i o n of t h e main charge,, The ' s p i t ' of f u s e s o n l y became an o b j e c t 
o f i n t e r e s t and r e s e a r c h when con c e r n f o r the s a f e use of gunpowders i n 
gassy c o a l m i n e s grew l a t e r on i n t h e n i n e t e e n t h c e n t u r y , A t o o l o n g 
' s p i t ' was l i k e l y t o cause gas e x p l o s i o n s ; a t o o s h o r t or f e e b l e ' s p i t ' 
meant t h a t the f u s e was u n r e l i a b l e , ( I n c i d e n L a l l y ; t h i s c oncern w i t h 
t h e ' s p i t ' m i g h t be t a k e n as e v i d e n c e t h a t gunpowder was the s o l e core 
m a t e r i a l ever used i n s a f e t y f u s e . The i n t r o d u c t i o n of t h e v a r i o u s k i n d s 
of P e r m i t t e d e x p l o s i v e s would have been f o r n o t h i n g i f h o t b u r n i n g gun= 
powder had been i n t r o d u c e d i n t o gassy mines i n t h e core o f s a f e t y f u s e s ) . 
The Process o f Manufacture I 
I t has been t h o u g h t u s e f u l here t o t r e a t t h e manufacture of s a f e t y 
f u s e i n t h e i n i t i a l s tage of i t s development i n some d e t a i l . The reason 
f o r d o i n g so i s p r a g m a t i c . I t i s wished t o make c l e a r and easy t o under-
s t a n d a s m a l l corpus of source m a t e r i a l which i t i s b e l i e v e d s u f f e r s much 
f r o m poor e x p o s i t i o n . There has been found t o be no s c a r c i t y of m a t e r i a l 
about t h e purpose-made machinery which came i n t o use l a t e r i n t h e c e n t u r y . 
However, t h e r e has been f o u n d , so f a r as t h i s s t u d y has been a b l e t o go, 
l i t t l e which shows c l e a r l y t h e way i n which s a f e t y f u s e was made d u r i n g 
t h e y ears i m m e d i a t e l y f o l l o w i n g 1831, Moreover, t h e m a t e r i a l which has 
been found - i t amounts v i r t u a l l y t o a s i n g l e main source = i s n o t e a s i l y 
u n d e r s t a n d a b l e . 
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The s i n g l e source i s an a r t i c l e i n a t e c h n i c a l d i c t i o n a r y o f 
•M-
the year 187Q 0 The a r t i c l e i s a t b e s t b a d l y done e d i t i n g work; 
the t e x t i s a patchwork of p o r t i o n s o f p a t e n t s p e c i f i c a t i o n w i d e l y 
d i s p a r a t e i n t i m e ; the n o t a t i o n of l e t t e r s g i v e n i n the t e x t does not 
always have r e f e r e n t s on t h e e n g r a v i n g s i l l u s t r a t i n g t h e t e x t ; the 
e n g r a v i n g s themselves do n o t i l l u s t r a t e the t e x t a c c u r a t e l y , nor are 
they drawn i n any p r o p o r t i o n which can be r e l a t e d t o t h e te x t , , 
What has been done w i t h t h i s source has been, f i r s t of a l l , t o 
make a c l e a r copy f r o m a fa d e d t e x t p r i n t e d i n minute t y p e . The 
re d u n d a n t l e t t e r n o t a t i o n has been removed, as have the w o r s t o f the 
p a t e n t s p e c i f i c a t i o n ' s c i r c u m l o c u t i o n s , , The p o r t i o n of the t e x t 
w h i c h r e f e r s t o the p a t e n t o f W i l l i a m B i c k f o r d has been a b s t r a c t e d f r o m 
t h a t which d e a l s w i t h t h e l a t e r p a t e n t s of Solomon B i c k f o r d and h i s 
p a r t n e r s o What i t i s hoped r e s u l t s i s a s e r i e s of paragraphs which 
w i l l d e s c r i b e , w i t h some economy, W i l l i a m B i c k f o r d ' s 1831 fuse making 
apparatus„ 
(a ) "At t h e l e f t - h a n d end o f an a p a r t m e n t , which i s 65 ft„ 
( 1 9 0 8 m 0) l o n g , i s made an e n c l o s e d recess or c l o s e t of about 
2 f t 0 ( 6 1 cm 0) square and 6 ft„ ( l 0 8 3 m 0) h i g h , w i t h a door or 
doors i n f r o n t ; i n which c l o s e t , a t a h e i g h t of about 4 ft„10 in„ 
( l 0 4 7 m 0) i s p l a c e d a wooden s h e l f , about 1 in„ (2<,54 era.) t h i c k 
a t l e a s t , e x t e n d i n g the whole l e n g t h and b r e a d t h of such c l o s e t , , " 
Three o b s e r v a t i o n s are made on t h i s s e c t i o n s 
( i ) The l e f t hand end of t h e apar t m e n t i s s p e c i f i e d because the 
machinery was t o be hand=operated — most of t h e o p e r a t i v e s would have 
been right=handed„ 
Spon's D i c t i o n a r y of E n g i n e e r i n g by E. and N.F, Spon, 
Edo Byrne, London 1870 ( p o 1 0 6 7 ) e t seq„ 
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(5.5,) The purpose o f t h e door or doors cannot be more t h a n guessed. 
Secrecy c o u l d h a r d l y have been l o n g m a i n t a i n e d when more t h a n a few 
w o r k e r s were employed. At f i r s t s i g h t the doors would appear t o do 
n o t h i n g b u t h i n d e r t h e o p e r a t i v e , , 
( i i i ) The l e n g t h o f t h e walk b e i n g s p e c i f i e d a t s i x t y f i v e f e e t 
e x c i t e s most. speculation„ I t may be t h a t the l e n g t h has something t o 
do w i t h t h e s p i n n i n g o f cordage and has i t s o r i g i n s i n the h i s t o r y o f 
r o p e = m a k i n g 0 W i t h an a l l o w a n c e of seventeen f e e t (5„18 m 0) t o spare 
f o r w o r k i n g space, the walk would be a b l e t o make f o r t y e i g h t f e e t = two 
c o i l s = on a s i n g l e r u n . I t may be t h a t even w i t h t h e l i g h t w e i g h t of 
l i n e w i t h which f u s e making worked t h a t a f t e r f o r t y e i g h t f e e t t h e d r a g 
and t h e hang o f a l o n g l o o p o f f u s e became cumbersome 0 Perhaps the b e s t 
guess i s t h a t f o r t y e i g h t f e e t was t h e l o n g e s t l e n g t h t h a t c o u l d be e a s i l y 
d r e s s e d 9 t a p e d , or c o u n t e r e d i n t h e l a t e r processes o f m a n u f a c t u r e . 
( b ) " I n the c e n t r e o f t h i s s h e l f i s made a h o l e , i n t o which 
h o l e i s i n s e r t e d a c o l l a r . T h i s c o l l a r i s o f m e t a l , i n f o r m the 
f r u s t u m of a cone i n v e r t e d , , I t i s 3 in„ (7„62 cm.) l o n g , 2 i n . 
(5 cm.) d i a m e t e r a t t h e apper end, and 1 ^ i n . ( 3 cm.) a t t h e bottom? 
t h r o u g h the c e n t r e of t h i s i s a h o l e f in„ (2 -cm.) i n d i a m e t e r a t 
t h e t o p , and 3/16 i n c h e s („5 cm.) a t the bottom.„» Around t h i s , i n 
a c i r c l e , are t w e l v e h o l e s o f about 1/8 („3 cm D) of an i n c h d i a m e t e r , 
which converge towards the b o t t o m , so as t o be s e p a r a t e d by i t o n l y 
by a f i n e wedge of m e t a l . 
(The p r e p o s i t i o n a l i d i o m used i n the l a s t sentence above 
i s r e c o r d e d as i t was p r i n t e d ) . 
T h i s i s the h e a r t o f the i n v e n t i o n . The c o l l a r = or powder cone = 
i s the means whereby t h e gunpowder and the yarns are b r o u g h t together,, 
W i t h o u t t h e t a p e r i n g h o l e i n t h e c e n t r e of the c o l l a r , the machine would 
s i m p l y have spun the y a r n s i n t o a f i n e c o r d . Brass or copper was the most 
l i k e l y m a t e r i a l f r o m which t h e cone was made. Copper was t h e most u s u a l 
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m e t a l used f o r implements used t o handle gunpowder^ brass i s s p e c i f i e d 
l a t e r i n t h e same a r t i c l e f o r more developed m a c h i n e r y 0 
( c ) " T h i s collars, when so p l a c e d i n the hole o f the s h e l f , p r o j e c t s 
b o t h above and below the wooden s h e l f 0 I n the upper p a r t of t h e 
p r o j e c t i n g cone or c o l l a r i s t h e n t o be p l a c e d a common f u n n e l , 
12 i n . ( 3 0 o 5 cm.) h i g h and 10 i n , (25,4 cm,) i n d i a m e t e r a t t h e 
t o p o o o ? around t h i s f u n n e l , a t about 10 i n . h i g h f r o m t h e b e f o r e -
mentioned s h e l f , i s p l a c e d a r i n g made o f cane, s u p p o r t e d by a 
s m a l l frame of two or more p i l l a r s , r e s t i n g on the b e f o r e - m e n t i o n e d 
s h e l f o " 
A r i n g made of cane would be n a t u r a l l y v e r y smooth and very s t r o n g . 
Such a r i n g secured l o o s e l y t o the l a t h e - t u r n e d wooden s u p p o r t p i l l a r s 
would a l l o w a degree of necessary g i v e i n a p p a r a t u s t h a t was p r o c e s s i n g 
l o o s e l y t e n s i o n e d y a r n s . Such an a p p a r e n t l y ad hoc arrangement may have 
been used f o r the v e r y good reason t h a t i t worked, 
( d ) " A t about 2 f t 0 6 i n , ( 7 6 cm,) h i g h from t h e f l o o r o f t h i s room, 
and p a s s i n g t h r o u g h the s a i d c l o s e t , and e x t e n d i n g the e n t i r e l e n g t h 
of the s a i d room 65 f t , (19„8 m c) l o n g i s a st a g e or s h e l f or bench? 
the o u t s i d e of t h i s s t a g e or s h e l f or bench has a ledge or r a i s e d 
edge r i s i n g 1 i n , ( 2 0 5 4 cm,) above i t s s u r f a c e , and on a s i m i l a r 
r a i s e d edge on t h e i n s i d e , r i s i n g i n , (3,8 cm,) i s a l i n e r a c k 
w i t h t e e t h or cogs, t w e n t y t e e t h t o a f o o t , " 
At t w e n t y t e e t h t o t h e f o o t , a s i n g l e t o o t h of t h e l i n e - r a c k would 
be 6/10 of an i m p e r i a l i n c h a c r o s s . T h i s may i n d i c a t e a met a l con-
s t r u c t i o n , Wooden t e e t h o f the s i z e , even i f made from some d u r a b l e wood 
l i k e hornbeam which was e x t e n s i v e l y used f o r wooden machinery, c o u l d 
h a r d l y have been very d u r a b l e under heavy use, 
( e ) " T h i s s t a g e i s i n t e n d e d t o s u p p o r t t h e r e o n a machine, 
be i n g p a r t of t h e a p p a r a t u s t h u s used by me i n my i n v e n t i o n , 
c a l l e d t he monkey 9 which mp_nkey_ c o n s i s t s f i r s t , o f a p l a i n p i e c e 
o f b o a r d , 20 i n 0 ( 5 1 cm,) l o n g and 6 i n , (15 cm,) wide, s u p p o r t e d 
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by and t u r n i n g i n two c e n t r e s , i s a t r a v e r s e a x l e p l a c e d q u i t e 
a c r o s s t h e plane bed of t h e monkey, s u p p o r t e d by b r a c k e t s and 
t u r n i n g round i n h o l e s made i n t h e b r a c k e t s , on the i n s i d e end 
o f which t h e r e i s a wheel of 10 in„ (25„4 cm,) d i a m e t e r 0 " 
I n the l i g h t of t h e doubt c a s t on W i l l i a m B i c k f o r d ' s c l a i m t o bB 
t h e i n v e n t o r of t h e s a f e t y f u s e and t h e a p p a r a t u s f o r making i t , i t i s 
hard n o t t o s e i z e upon t h e w o r d i n g above as a f u r t h e r i n d i c a t i o n o f doubto 
The e x a c t p h r a s i n g has a c e r t a i n d e l i c a c y t o i t ; 'being a p a r t of t h e 
a p p a r a t u s used by me i n my i n v e n t i o n , , ' I t i s a l m o s t as though B i c k f o r d 
wished p a r t i c u l a r l y t o annexe t o or engross w i t h i n t h e d e s c r i p t i o n of 
h i s a p p a r a t u s a commonly used mechanism,, A 'monkey' was no new t h i n g 
i n 1 8 3 1 0 I n marine useage, a monkey b l o c k was a b l o c k used i n g u i d i n g 
r u n n i n g r i g g i n g ? i n m i n i n g , i t was a d e v i c e by which a moving c a b l e was 
g r i p p e d or r e l e a s e d ; a g a i n i n m i n i n g , i t was a b l o c k p l a c e d between t h e 
r a i l s o f an i n c l i n e d plane t o p r e v e n t waggons from r u n n i n g backwards,, 
The g e n e r a l n o t i o n of a something which was used i n c o n j u n c t i o n w i t h r a i l s 
or t r a c k s i s strong,, 
I t i s n o t p o s s i b l e here t o pursue the e n q u i r y f u r t h e r , b u t i t seems 
p r o b a b l e t h a t W i l l i a m B i c k f o r d took i n t o h i s s p e c i f i c a t i o n a d e v i c e 
commonly used = but n o t patented,, A s i n g l e i n s t a n c e of a monkey d e v i c e 
d a t i n g b e f o r e 1831 would prove t h e point,, 
( f ) "Close t o t h i s wheel, and d i r e c t l y over t h e l i n e - r a c k , i s 
p l a c e d on t h e s a i d a x l e a p i n i o n , which works on the cogs of t h e 
l i n e = r a c k , an the s i d e o f which wheel on i t s o u t e r edge are t w e n t y 
f o u r t e e t h or cogs; t h s s e t e e t h or cogs work i n t o t h e c o r r e s p o n d i n g 
t e e t h on t h e i n n e r c i r c l e of t h e wheel, the wheel h a v i n g two c i r c l e s 
o f t e e t h or cogs, the i n n e r and s m a l l e r c i r c l e w o r k i n g as a l r e a d y 
d e s c r i b e d , and t h e o u t e r c i r c l e o f the cogs w o r k i n g i n t o the p i n i o n ; 
c onnected w i t h t h i s p i n i o n i s t h e crook and i n t o t h i s crook t h e 
t h r e a d s o f t w i n e or o t h e r m a t e r i a l ore a t t a c h e d f o r t w i s t i n g , , " 
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There i s no d r a w i n g a v a i l a b l e which matches t h e above d e s c r i p t i o n . 
A v e r y s m a l l and u n c l e a r d r a w i n g which i s p a r t of a l i n e r e p r e s e n t a t i o n 
o f an end e l e v a t i o n o f B i c k f o r d ' s o r i g i n a l s p e c i f i c a t i o n g i v e s some i d e a , 
b u t t h e e x a c t way i n which t h e l i n e a r m o t i o n i s t r a n s f e r r e d from t h e l i n e = 
r a c k t o crook i s u n c e r t a i n ! t h e d e s c r i p t i o n i s ambiguous. Two drawings 
w i l l be g i v e n t o i l l u s t r a t e t h e above. The f i r s t w i l l be an a t t e m p t t o 
d e r i v e an a c c u r a t e p i c t u r e f r o m t h e g i v e n s p e c i f i c a t i o n . The second w i l l 
be a r e p r e s e n t a t i o n o f a l a t e r monkey which c a r r i e d o u t t h e same a c t i o n b u t 
which shows t h e gear t r a i n t h e n used much more c l e a r l y . (See Appendix I I ) . 
The essence of the monkey d e v i c e i s t h a t i t a l l o w e d t h e l i n e a r 
m o t i o n d e r i v e d from t o w i n g t h e board a l o n g i t s r a i l s t o be c o n v e r t e d i n t o 
a r o t a r y m o t i o n f o r t w i s t i n g t he f u s e as i t was advanced. 
( g ) "A s t r i n g or c o r d i s f a s t e n e d t o t h e board o f t h e monkey, 
and s t r e t c h i n g a l o n g t h e st a g e oo. passes over a p u l l e y and 
r e t u r n i n g t h r o u g h h o l e s made i n the s u p p o r t s o f the stage 0 . 0 i s 
a t t a c h e d t o t h e w i n d i n g r o l l e r . <,." 
The Task of t h e O p e r a t i v e 
Set a g a i n s t t h e c o n v o l u t i o n s o f prose used i n t h e d e s c r i p t i o n of t h e 
a p p a r a t u s , t h e account g i v e n o f what was expected o f the o p e r a t i v e i s 
r e l a t i v e l y p l a i n s 
( h ) " o o o t w e l v e b a l l s of t w i n e or o t h e r m a t e r i a l i n t e n d e d t o f o r m 
the f u z e are p l a c e d i n t h e rec e s s or c l o s e t on a f l o o r r a i s e d s i x 
i n c h e s h i g h e r t h a n the f l o o r o f the room and r u n n i n g t h r e a d s from 
these b a l l s a r e each l e d p e r p e n d i c u l a r l y up t h r o u g h h o l e s of one 
i n c h d i a m e t e r made f o r t h e purpose i n a c i r c l e of t w e l v e i n c h e s i n 
the s h e l f i n whfch t h e before mentioned c o l l a r i s p l a c e d and a l s o 
p e r p e n d i c u l a r t o and passed f r o m t h e o u t s i d e t o t h e i n s i d e over t h e 
s a i d cane r i n g n e x t t o t h e f u n n e l h e r e i n b e f o r e mentioned, and from 
thence t h e s a i d t h r e a d s a r e a g a i n l e d down by t h e s i d e of t h e f u n n e l 
t o and t h r o u g h t h e h o l e s i n t h e upper and under s i d e o f the a f o r e s a i d 
c o l l a r , and f r o m thence are l e d t o t h e p u l l e y 0 „. and are made f a s t 
t o t h e c r o o k . " 
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From t h e above g i v e n d e s c r i p t i o n o f how the o r i g i n a l B i c k f o r d 
a p p a r a t u s worked, and by n o t i n g t h e dimensions g i v e n , i t i s r e a s o n a b l e 
t o make some s u p p o s i t i o n s about t h e t a s k o f the o p e r a t i v e , , 
I n t h e p r e s e n t s e c t i o n i t i s hoped t o show t h a t t h e t a s k o f the 
f u s e maker was n e i t h e r easy nor s i m p l e . 
I n s e t t i n g up the a p p a r a t u s f r o m the b e g i n n i n g of a new r u n of 
f u s e t h e o p e r a t i v e would f i r s t hage had t o have t h r e a d e d each o f the 
t w e l v e y a r n s i n d i v i d u a l l y f r o m the bottom o f t h e c l o s e t t o , and t h r o u g h , 
t h e powder cone; a f t e r t h a t p o i n t , and w i t h s u f f i c i e n t s l a c k p u l l e d 
c l e a r , t h e y c o u l d be t a k e n t o g e t h e r over t h e p u l l e y and t o the c r o o k , 
( i ) "The w i n d i n g r o l l e r now being s e t i n m o t i o n , communicates 
t h a t m o t i o n t o t h e monkey, which t r a v e l s on the stage and a t 
t h e same t i m e by the p i n i o n w o r k i n g on t h e l i n e = r a c k ,,, 
communicating a t u r n i n g m o t i o n t o t h e c r o o k , c o m p l e t e l y t w i s t s t h e 
t w e l v e t h r e a d s so made f a s t t h e r e t o , and c o n t i n u e s t h a t t w i s t up t o 
t h e v e r y p o i n t of t h e cone p r o j e c t i n g downwards from t h e c o l l a r 
under t h e f u n n e l ; a t t h e same t i m e o f p u t t i n g t h e monkey i n 
m o t i o n the f u n n e l i s charged w i t h gunpowder or o t h e r c o m b u s t i b l e 
m a t t e r f o r making f u z e , and i t i s i m p o r t a n t then t o c a r e f u l l y watch 
t h e p r o g r e s s o f t h e t h r e a d s and t o p r e v e n t or r e c t i v y any e n t a n g l i n g 
t h e r e o f ; and a l s o t o r e g u l a t e t h e e x i t of powder and p r e v e n t t h e 
d i s p e r s i o n o f any s u r p l u s t h a t f a l l s t o waste t h r o u g h t h e p o i n t of 
t h e cone or c o l l a r under t h e f u n n e l d u r i n g t h e o p e r a t i o n o f t w i s t i n g . 
I f t he dimensions g i v e n e a r l i e r i n t h e s p e c i f i c a t i o n are a c c u r a t e , 
t h e n t h e o p e r a t i v e c o u l d h a r d l y have worked w i t h any ease a t a l l u n l e s s 
she were a s m a l l woman or a c h i l d . The r i g h t hand of t h e o p e r a t i v e was 
engaged w i t h t h e t u r n i n g of t h e crank which drew the monkey away a l o n g 
t h e line=rack„ T h i s was p u r e l y t h e s u p p l y of a m o t i v e f o r c e . However, 
i f i t were ta k e n i n t o a c c o u n t t h a t t h e b e a r i n g of t h e a x l e which c o n t i n u e d 
t h i s c rank was s t a t e d t o be o n l y two f e e t s i x i n c h e s f r o m the f l o o r of t h e 
room, and a l l o w a l s o t h a t t h e 'throw' o f t h e crank would t a k e f r o m s i x t o 
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n i n e i n c h e s f r o m t h a t , i t w i l l be seen t h a t some s t o o p i n g would be 
necessary u n l e s s the o p e r a t i v e were s i t t i n g e i t h e r on t h e f l o o r or on 
a low s t o o l , , 
But t h e l e f t hand was r e q u i r e d t o c l e a r t a n g l e s , e i t h e r below t h e 
s h e l f and i n s i g h t , or above i t around the cane r i n g which was o u t of 
s i g h t o T h i s would r e q u i r e t h a t t h e o p e r a t i v e reached, or s t o o d up, t o 
c l e a r t a n g l e s as they o c c u r r e d 0 How o f t e n t h i s was necessary i s , of 
c o u r s e , u n c e r t a i n , , 
The m o n i t o r i n g of the f e e d of powder f r o m the cone i s the most 
d i f f i c u l t t o comment upon,, There i s , f o r example, n o t h i n g shown on any 
d r a w i n g s f o u n d , e a r l y or l a t e r , which i n d i c a t e t h a t t h e o p e r a t i v e had any 
means of c o n t r o l l i n g t h e f l o w of powder,* The o r i f i c e was s e t a t 3/16 
( 0 4 7 cuio) o f an I m p e r i a l inch,, 
I t i s a l s o hard t o see how the o p e r a t i v e c o u l d know w i t h any 
c e r t a i n t y i f t h e r e was powder g o i n g i n t o the f u s e a t a l i o I f , as the 
s p e c i f i c a t i o n s t a t e s , '„<,<> and c o n t i n u e s t h a t t w i s t up t o the v e r y p o i n t 
o f t h e cone,' the gap between t h e d i e — p i e c e and the t i p o f the cone was so 
s m a l l i t would be d i f f i c u l t f o r the o p e r a t i v e t o m o n i t o r the f l o w by 
s i g h t o The best s u g g e s t i o n t h a t can be o f f e r e d here i s t h a t t h e 
o p e r a t i v e would be a b l e t o hear the g r i t t i n g of t h e powder as i t became 
enmeshed i n the r u n n i n g t h r e a d s , or i t may be t h a t the f l o w o f powder 
t h r o u g h t h e cone gave a d i s t i n c t i v e sound t h a t t h e p r a c t i s e d o p e r a t i v e 
would recognisBo 
Reference t o 'the d i s p e r s i o n o f any s u r p l u s t h a t f a l l s t o waste 
t h r o u g h t h e p o i n t o f the c o n e o o . ' suggests t h a t t h e f u s e maker may w e l l 
have been w o r k i n g w i t h i n what was a steady f a l l of f i n e gunpowder d u s t 
i s s u i n g from t h e t i p of t h e cone, which s t o o d a few f e e t and a l i t t l e t o 
th e l e f t above her heado D u r i n g a l o n g s h i f t the c u m u l a t i v e escape may 
have amounted t o a f a i r c o v e r i n g o f l o o s e powder c o l l e c t i n g over the y a r n 
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b a l l s .in t he bottom of t h e c l o s e t , and even over t h e o p e r a t i v e ' s c l o t h i n g , , 
The hazard here i n t h e ev e n t o f a f i r e i s obvious,, But t o the modern 
eye t h e r i s k of some fo r m of b r o n c h i a l c o m p l a i n t i n l o n g s e r v i c e 
o p e r a t i v e s i s g l a r i n g , . 
The w r i t e r o f the d i s s e r t a t i o n which i n p a r t t r e a t s an i n d u s t r i a l 
p rocess s h o u l d be a b l e t o draw on h i s own e x p e r i e n c e t o g i v e an i n f o r m e d 
o p i n i o n on a m a t t e r i n which he has s p e c i a l e x p e r i e n c e . Workers who 
handle v e g e t a b l e f i b r e s a r e prone t o c u t s , sometimes very deep c u t s 0 
Dute comes t o mind as an example 0 Where i n s o l u b l e substances g e t i n t o 
c u t s and th e akin h e a l s over a f t e r w a r d s , t h e marks l e f t are q u i t e permanent 
Wire ' c l i c k s ' f r o m h a n d l i n g r u s t y s t e e l w i r e s , and t h e b l u e = b l a c k marks o f 
c o a l f r a g m e n t s b l a s t e d under t h e s k i n i n c o a l miners are f i r m examples. 
I t i s p o s i t e d here w i t h some c o n f i d e n c e t h a t t he women who worked i n 
B i c k f o r d ' s Camborne f a c t o r y d u r i n g t h e 1830's would be r e c o g n i z e d a t once 
by the b l a c k t a t t o o e d s t r e a k s , l a r g e l y on t h e i r l e f t hands, which came fr o m 
h a n d l i n g hemp yarns i n t h e presence o f f i n e gunpowder d u s t . 
The Process o f Nanufa_c_ture I I 
The f o l l o w i n g example w i l l g i v e some i d e a of the e x t e n t of d e v e l o p -
ment which t o o k p l a c e i n t h e making of s a f e t y f u s e w i t h i n s i x t e e n years o f 
i t s f i r s t appearance 0 
( a ) "Nr., Smith o f Camborne, C o r n w a l l , has l a t e l y p a t e n t e d the 
a p p l i c a t i o n o f G u t t a P ercha 9 t o the manufacture of S a f e t y Fuses 
f o r b l a s t i n g , , 
The use of t h e new gum a f f o r d s an e x c e l l e n t means of p r o t e c t i n g 
the gunpowder f r o m the e f f e c t s o f m o i s t u r e or the p r e s s u r e o f w a t e r , 
when used f o r submarine b l a s t i n g , f i r . Smith proposes t o use i t 
e i t h e r as a s i m p l e e x t e r i o r tube f o r e n c l o s u r e o f t h e gunpowder, or 
he a p p l i e s i t merely as a c o v e r i n g f o r t h e o r d i n a r y hemp f u s e c I n 
the f o r m e r case, the f o l l o w i n g i s the process l a i d down by the 
p a t e n t e e s« 
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( b ) A c y l i n d e r o f i r o n , or o t h e r s u i t a b l e m e t a l , capable of 
s u p p o r t i n g a p r e s s u r e o f 500 l b s 0 (227 Kg„) t o t h e square i n c h 
( 6 0 4 5 2 sq 0cnio) and made a t i t s lower e x t r e m i t y o f the f o r m of an 
i n v e r t e d cone, i s sur r o u n d e d w i t h a c a s i n g between which and t h e 
c y l i n d e r , steam i s a l l o w e d t o c i r c u l a t e . 
( c ) The lower p a r t of t h e c y l i n d e r , t h a t i s t h e apex o f t h e 
i n v e r t e d cone, t e r m i n a t e s i n a p i p e , w h i c h i s c a r r i e d down t h r o u g h 
a c i s t e r n of c o l d water* A gunpowder chamber, or f u n n e l i s 
s u p p o r t e d by s u i t a b l e b e a r i n g s i n the c e n t r e o f the c y l i n d e r , and 
p a s s i n g t h r o u g h t h e i n v e r t e d cone, t e r m i n a t e s i n t h e p i p e below 
the j o i n t o 
( d ) The f u n n e l i s f i l l e d w i t h f i n e gunpowder, hav i n g a t h r e a d 
t h r o u g h the c e n t r e t h e r e o f , t o f a c i l i t a t e i t s passage? and the 
c y l i n d e r w i t h g u t t a percha„ The steam i s made t o c i r c u l a t e between 
the c y l i n d e r and t h e o u t s i d e c a s i n g , u n t i l t h e g u t t a percha assumes 
the c o n s i s t e n c y o f p u t t y 0 I t i s then passed t h r o u g h t h e p i p e , and 
p a s s i n g round the gunpowder f u n n e l takes the f o r m of a h o l l o w t u b e 9 
w h i l e i t becomes f i l l e d w i t h gunpowder,, The f u s e , i n p a s s i n g 
t h r o u g h t h e c o l d water c i s t e r n , a c q u i r e s a degree o f f i r m n e s s , which 
may be i n c r e a s e d by c a u s i n g i t t o pass between two r o l l e r s , grooved 
on t h e i r p e r i p h e r i e s , and made t o r e v o l v e i n o p p o s i t e d i r e c t i o n s , , 
( e ) The o r d i n a r y hempen f u s e s are a l s o coated w i t h g u t t a percha 
i n t he f o l l o w i n g manner;^ An i r o n c y l i n d e r , s i m i l a r t o t h e 
p r o c e e d i n g , andl'heated i n l i k e manner^ i s f i l l e d w i t h g u t t a perchap 
which i s s u b j e c t e d t o the p r e s s u r e of about 300 lbs„ (147 Kg,,) t o 
the square i n c h (6„452 cin0)« The s i d e s of t h e c y l i n d e r a r e bored 
w i t h h o l e s o f d i f f e r e n t d i a m e t e r s , t o s u i t t h e s i a e of t h e d i f f e r e n t 
f u s e s , t o which i n l e t and c o r r e s p o n d i n g o u t l e t p i p e s a r e attached,, 
When the g u t t a percha i s s u f f i c i e n t l y s o f t e n e d , a w i r e , hooked a t 
the end, i s made t o e n t e r one of tho i n l e t p i p e s , and, p a s s i n g 
t h r o u g h t h e mass of g u t t a p e r c h a , t o come o u t a t t h e e x i t opposite,. 
The f u s e i s c o o l e d i n i t s passage t h r o u g h t h e e x i t p i p e by an 
arrangement s i m i l a r t o t h e one b e f o r e described,," 
I n one sense t h i s i s a new manufacture of f u s e a l t o g e t h e r ? i n 
a n o t h e r i t i s s t i l l t h e o r i g i n a l s a f e t y f u s e 0 C o a t i n g o r d i n a r y s a f e t y 
P r a c t i c a l Mechanic & Eng i n e e r ' s Magazine (London) (May 1847) 
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f u s e w i t h a c o v e r i n g o f g u t t a percha t o secure the core f r o m t h e wet i s 
no g r e a t i n v e n t i v e l e a p 0 But i t does show a r e a d i n e s s t o adapt new 
m a t e r i a l o The r e a l advance i s i n t h e method of manufacture,. E x t r u d i n g 
a c o v e r i n g of g u t t a p e r c h a , h o t , around the powder c o r e , which i n t u r n 
s u r r o u n d s a s t r e n g t h e n i n g c e n t r a l t h r e a d so as t o produce a c o ~ a x i a l f u s e 
has a d i s t i n c t a i r of m o d e r n i t y about it„ T h i s f e e l i n g i s enhanced when a 
l a t e r a u t h o r i t y , Guttman, w r i t e s t h a t , f o r some German makes o f f u s e a t 
l e a s t , i t was t h e custom t o c o l o u r code the i n t e r n a l t h r e a d so t h a t t h e 
f a c t o r y o f o r i g i n c o u l d r e a d i l y be i d e n t i f i e d 0 
The o r i g i n a l reason f o r t h i s c e n t r a l t h r e a d can be d e r i v e d f r o m a 
r e a d i n g o f the f i r s t B i c k f o r d p a t e n t 0 I f t h e r e had been a problem w i t h 
t h e f r e e r u n n i n g of t h e powder f r o m t h e f u n n e l t h r o u g h the narrow o r i f i c e 
o f t he cone b e f o r e , i t would have been much a g g r a v a t e d i n t h e new pr o c e s s . 
The steam j a c k e t i n g mentioned would - even under low p r e s s u r e = al m o s t 
c e r t a i n l y have caused t h e s u l p h u r i n the powder t o s o f t e n and cake„ T h i s 
would have been e s p e c i a l l y l i k e l y t o occur a t the extreme p o i n t of t h e 
f e e d i n g cone where a s m a l l e r body of gunpowder was su r r o u n d e d by a l a r g e r 
body of h a l t e d g u t t a percha„ W i t h o u t t h e t h r e a d , t h e powder o r i f i c e 
would have been much prone t o blockage by heat-=coagulated powder g r a i n s 0 
The above process shows an e a r l y move away from t h e adapted 
rope-making machinery t o purpose~made machinery<> However, j u s t when 
t h i s o c c u r r e d i t i s n o t p o s s i b l e t o s a y 0 The abandonment o f the l o n g 
r o p ewalk o f W i l l i a m B i c k f o r d ' s t i m e p r o b a b l y took p l a c e r e l a t i v e l y 
e a r l y 0 Such a method was t o o p r o d i g a l of space t o have l a s t e d long*, 
L a t e r t e x t s show machinery w h i c h , though s t i l l v e r y s i m p l e , t a k e s up 
the f u s e on t o a r e e l beneath t h e machine,, 
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The__Luse i n Use 
No m a t e r i a l d e a l i n g w i t h the r e c e p t i o n and use of the s a f e t y f u s e 
i m m e d i a t e l y a f t e r i t s i n t r o d u c t i o n has been found f o r i n c l u s i o n i n t h i s 
s t u d y c However, i t may be r e a s o n a b l y assumed t h a t s i n c e t o t a l o u t p u t 
d u r i n g the f i r s t year of p r o d u c t i o n was s m a l l , and because the b u l k of 
t h a t o u t p u t was o f f e r e d f o r s a l e i n an area of i n t e n s e m i n i n g a c t i v i t y , 
i t was t r i e d o u t and, where r e a l advantage was seen t o come fr o m i t s use, 
adopted. 
C o n s i d e r a t i o n o f the economic and commercial f a c t o r s g o v e r n i n g 
the speed w i t h which t h e f u s e was i n t r o d u c e d i s d e f e r r e d u n t i l a l a t e r 
p a r t o f t h i s work, but i t i s necessary t o a n t i c i p a t e here and t o observe 
t h a t d u r i n g t h e f i r s t few y e a r s a t l e a s t , s a f e t y f u s e would have been 
r a t h e r more i n e l a s t i c of s u p p l y t h a n o f demand,, So f a r as t h i s a f f e c t s 
d i f f u s i o n o f knowledge about t h e new f u s e i t might be supposed t h a t f o r 
some t i m e a f t e r i t s i n v e n t i o n i t was known by sample and r e p u t e r a t h e r 
t h a n by a c t u a l use. 
I n use, the s a f e t y f u s e was seen as a supplement t o o t h e r methods, 
n o t as a r e p l a c e m e n t f o r it„ Evidence f o r t h i s w i l l be p r e s e n t e d a 
l i t t l e l a t e r on i n t h i s s e c t i o n , , Where th e f u s e was t o r e c e i v e some 
a t t e n t i o n was i n those s i t u a t i o n s where i t s use made v i a b l e those p r o j e c t s 
which b e f o r e had been t e c h n i c a l l y m a r g i n a l , or too expensive,, The use of 
the s a f e t y f u s e f o r underwater work was begun r e l a t i v e l y e a r l y a f t e r i t s 
i n t r o d u c t i o n , , 
B l a s t i n g under water had been p o s s i b l e b e f o r e the advent of the 
B i c k f o r d f u s e But i t had been a t b e s t an u n c e r t a i n business,, Common 
gunpowder, b e i n g a c o n f l a g r a t i n g e x p l o s i v e , s t i l l needed t o be c o n f i n e d , 
even under w a t e r , i n o r d e r t o produce a u s e f u l r e n d i n g e x p l o s i o n . Most 
of t h e f a i l i n g s a l r e a d y noted i n t h e use of f u s e s and powder hose on l a n d 
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were compounded when i t was a t t e m p t e d t o use them under water,. 
The most commonly u n d e r t a k e n p r o j e c t s i n underwater b l a s t i n g were 
the removal o f r e e f s , the deepening o f harbours and c h a n n e l s , and the 
b l o w i n g up of wracks. The d i v i n g b e l l and, a f t e r 1839, t h e c l o s e d 
d i v i n g d r ess o f Augustus S i e b e , were necessary a d j u n c t s t o underwater work„ 
For e x t e n s i v e works such as the c l e a r i n g o f r o c k from moderate 
d e p t h s , as was done i n the deepening of the h a r b o u r s a t Donaghadee and 
P o r t P a t r i c k d u r i n g 1824=1825, c o f f e r d a m s had t o be b u i l t o 
How much l e s s e x pensive such p r o j e c t s became when t h e r e was a 
p r a c t i c a l method o f b l a s t i n g under water would r e a d i l y have been 
a p p r e c i a t e d by c i v i l engineers., 
The f i r s t s e r i e s o f s y s t e m a t i c e x p e r i m e n t s c a r r i e d o u t t o t e s t t h e 
w o r k i n g e f f i c i e n c y o f B i c k f o r d ' s f u s e s i s r e c o r d e d as h a v i n g t a k e n p l a c e 
a t the Royal E n g i n e e r s ' E s t a b l i s h m e n t a t Chatham i n the Autumn o f 1834 0 
The work was under t h e command of C o l o n e l C«W„ Pasley R 0E 0, who wrote up 
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h i s f i n d i n g s f o r t h e Proceedings of t h e S o c i e t y o f C i v i l Engineers,, 
The Chatham e x p e r i m e n t s are i n t e r e s t i n g because they i n d i c a t e t h a t 
t h e r e was a g e n e r a l s e a r c h f o r a s o l u t i o n t o t h e problem o f underwater 
b l a s t i n g , , Many methods = i n c l u d i n g g a l v a n i c i g n i t i o n •=• were under t r i a l o 
But B i c k f o r d ' s fiuses were s p e c i a l l y commended; 
(a ) "Great advantage i n b l a s t i n g under water i s d e r i v e d f r o m the 
use Df B i c k f o r d ' s f u z e s a p p l i e d t o t i n powder cases „„„ the g e n e r a l 
p r a c t i c e has h i t h e r t o been t o i g n i t e t h e powder c o n t a i n e d i n a t i n 
c a n i s t e r , by d r o p p i n g a p i e c e o f r e d = h o t i r o n down a t i b t u b e , r e a c h i n g 
t o the surface,, The t i n tubes were l i a b l e t o f a i l u r e s , C o l o n e l 
Pasley has used f l e x i b l e l e a d e n p i p e s , and a p i e c e of p o r t - f i r e 
i n s t e a d of r e d - h o t i r o n f o r v e r t i c a l explosions,, S e v e r a l o t h e r 
means of f i r i n g - as s m a l l r o c k e t s , a q u i c k match, and s m a l l l i n e n 
hoses - were t r i e d w i t h o u t any g r e a t success,," 
l\lo0935o "On Improvements in G i v i n g Dresses, and o t h e r Apparatus 
f o r Working Underwater," by 3ohn W i l l i a m Heinke, Proceedings of 
TnTtTtution o f C i v i l E ngineers U o l o X V o , March 1 8 t h 1856, p,309 e t ^ e £ 0 
"On t h e A p p l i c a t i o n of B i c k f o r d ' s Fuzes t o B l a s t i n g Underwater" 
byC*w7 Pasley C o l o R„E„ Hon member,, N o l n s t o C.E., Proceedings o f 
the I n s t i t u t i o n of C i v i l E n gineers U o l J . A p r i l 1 0 t h 1838, p P35 e t seq. 
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And again? 
( b ) "A s m a l l f i n s powder hose, about one e i g h t h o f an i n c h 
i n d i a m e t e r , secured so as t o burn g r a d u a l l y i n s t e a d o f r u s h i n g 
f o r w a r d and exploding;, was fou n d t o eucceed very w e l l , but was 
n e i t h e r so s i m p l e nor so cheap as t h e B i c k f o r d f u z e s , " 
T h i s l a s t i t e m , t h e f i n e d i a m e t e r powder hose, i s i n t e r e s t i n g 
because i t shows an ind e p e n d e n t and p a r a l l e l development i n a g a n e r a l 
convergence toward a s o l u t i o n of t h e problem,, 
B i c k f o r d ' s f u s e s r e c e i v e d the g e n e r a l a p p r o v a l of t h e p r o f e s s i o n a l 
c i v i l e n g i n e e r s i n t h e i r j o u r n a l : 
( a ) " A f t e r c o n s i d e r a b l e e x p e r i e n c e , t h e r e f o r e , and t h e use of 
n e a r l y 100,000 ft„ (30480 m.) of the p a t e n t f u s e , t h e a u t h o r 
f e e l s t h a t he i s d o i n g an a c t o f j u s t i c e t o Messrs. B i c k f o r d s , 
i n s t a t i n g t h e p e r f e c t s a t i s f a c t i o n which t h e use of t h e i r 
i n g e n i o u s l y manufactured m a t e r i a l has a f f o r d e d him,," 
( i t i s hard t o o v e r l o o k t h e niceness o f expeession the w r i t e r uses 
h e r e , even i n a ( p r e s u m a b l y ) u n s o l i c i t e d t e s t i m o n i a l ; ' i n g e n i o u s l y 
monuf a£tjjred_8; but n o t i n g e n i o u s l y i n v e n t e d ( ? ) 
And more p r a c t i c a l l y ; 
( b ) "Then as r e g a r d s c o s t ; the p a t e n t f u s e No 03, c a r r i a g e 
i n c l u d e d , c o s t 6/10 o f a penny per f o o t s i f the average l e n g t h 
i s t a k e n a t 15 ft„ (4„7 m 0) t h i s i s j u s t ninepence per s h o t , a 
sum which would b a r e l y pay f o r making the arrangement o f w i r e s 
necessary f o r t h e g a l v a n i c i g n i t i o n , , " 
The s a f e t y f u s e may have been q u i c k l y and very w i d e l y accepted 
i n t o use i n c i v i l and m i l i t a r y e n g i n e e r i n g but a p o t e n t i a l l y enormous 
a p p l i c a t i o n f a i l e d i n i t s development when i t was n o t so g e n e r a l l y 
adopted f o r use i n mines = p a r t i c u l a r l y i n c o a l mines — elsewhere i n 
t h e country,, 
Noo725o ".The a p p l i c a t i o n o f Gunpowder as an I n s t r u m e n t o f E n g i n e e r i n g 
SESi^iiPil?a as e x e m p l i f i e d by i t s use i n b l a s t i n g m a r l r o c k s 
i n t he R i v e r Severn" by G„ Edwards, Esq„ Proceedings of the 
I n s t i t u t i o n of. tjL^Jr^.SH3lnS2IM.i 17th Dune 1845, Vol„IV, p„361„ 
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N a t u r a l c o n s e r v a t i s m i n t h e w o r k i n g miners may have m i l i t a t e d 
a g a i n s t t h e use of t h e s a f e t y fuses D U t m e n seldom s t a y l o n g p r e j u d i c e d 
a g a i n s t a g e n u i n e l y advantageous i n n o v a t i o n , , There i s some t e s t i m o n y t o 
show t h a t i t was more l i k e l y t o have been the terms o f employment under 
which the miners worked which p r e v e n t e d t h e ready a d o p t i o n o f s a f e t y fuses 
t h e y had t o pay f o r t h e i r own o u t o f t h e i r earnings,, 
I t i s noted t h a t the t e s t i m o n y which f o l l o w s i s a l l t a k e n f r o m 
mine managers r a t h e r than f r o m t h e miners themselves, 
14,434, (Plr„ Thomas Watson, A l s t o n Hoor n i n e ) 
( a ) "Do you c o n s i d e r t h a t t h e s a f e t y f u z e i s l e s s dangerous 
t o human l i f e t h a n the o t h e r , or more so? - I do n o t suppose 
t h a t t h e r e i s much d i f f e r e n c e i n t h a t way; the danger t h a t I 
15,B19„ Do the men p r e f e r t h e o t h e r mode? - Yes, they d o 0 
When men whose e a r n i n g s depend upon t h e i r w i n n i n g a c e r t a i n amount 
of o r e , or c o a l , d u r i n g a s h i f t have a c h o i c e between a s w i f t , i f somewhat 
dangerous method o f f i r i n g o f f a s h o t o f powder, and a s a f e r b u t 
d e c i d e d l y more slow method, they would appear t o have chosen the f a s t e r . 
Time s p e n t c r o u c h i n g under cover w h i l e w a i t i n g f o r a s a f e t y f u s e t o burn 
down was t i m e which c o u l d n o t be s p e n t hewing o u t t h e i r wages. The use 
of manufactured f u s e , no m a t t e r how cheap, was an a d d i t i o n a l charge a g a i n s t 
what was p r o b a b l y a l r e a d y a very f i n e m a r g i n. 
The miners had a c h o i c e =» and th e y e x e r c i s e d i t . 
er 
spoke about was s t o p p i n g t h e work. 
And agains 
15,818, (Plr, W i l l i a m C u r r y , East A l l e n d a l e Mines) 
( b ) " I s t h e r e any reason why i t ( s a f e t y f u s e ) s h o u l d n o t be 
used g e n e r a l l y ? - (Mo; I do n o t see any p a r t i c u l a r r eason why 
i t s h o u l d n o t g e n e r a l l y be used beyond t h e e x t r a c o s t i n c u r r e d , " 
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14,428 ( r i r . Thomas Watson, A l s t o n Hoar n i n e ) 
"Do you l e a v e i t t o t h e miners t o use the s a f e t y f u s e , 
or n o t , as they l i k e i n wet p l a c e s ? •= Yes 0" 
I t i s here proposed t h a t t h e more l i k e l y p i c t u r e was n o t one of 
m i n e r s ' p r e j u d i c e a t a l l 0 I t seems f a r more p r o b a b l e t h a t t h e miners 
had the w i t t o work o u t f o r t h e m s e l v e s , f o r any g i v e n s i t u a t i o n , a rough 
and ready c o s t ~ b e n e f i t a n a l y s i s ? i n an open r u n o f o r e , or o f c o a l , i t 
mi g h t be deemed more p r o f i t a b l e t o tak e a chance on a s q u i b f i r i n g , , A 
s h i f t of men would n a t u r a l l y wish t o tak e as much as they c o u l d from a 
s t r e t c h o f easy w o r k i n g d u r i n g t h e i r own s h i f t , l e a v i n g whatever chanced 
t o come a l o n g a f t e r t h a t t o the on=coming gang. T h e i r w i l l i n g n e s s t o 
use s a f e t y f u s e i n a sump where c o n d i t i o n s were wet or p a r t l y f l o o d e d 
would r e f l e c t a w i s h t o g e t t h r o u g h u n c o m f o r t a b l e work q u i c k l y , and a 
consequent r e a d i n e s s t o bear the e x t r a c o s t . 
C o m p l a i n t s about the s m e l l and smoke fr o m s a f e t y f u s e were a t 
l e a s t i n p a r t j u s t i f i e d ; 
14.400. (rir. Thomas Watson, A l s t o n Roor n i n e ) 
"What i s t h e main reason t h a t the men do n o t use t h e 
p a t e n t f u s e ? = d u s t because o f the d i s a g r e e a b l e smell,," 
14.401. " I s more smoke caused by i t ? =- Yes, I t h i n k t h e r e i s 
f r o m t h e powder, b u t t h e r e i s t h a t f r o m the f u z e i t s e l f , and 
t h a t i s disagreeable„„„" 
Sump f u s e , t h a t i s f u s e d e s i g n e d t o be used i n t h e lower l e v e l s 
of t he mine where water tended t o c o l l e c t , would v e r y p r o b a b l y have 
g i v e n o f f an u n p l e a s a n t s m e l l 0 T h i s f u s e was u s u a l l y coated w i t h g u t t a 
percha,, Since few mines would have had a r t i f i c i a l v e n t i l a t i o n i n t h e 
1840's, th e fumes f r o m t h e b u r n i n g powder and t h e s m e l l of b u r n i n g 
r u b b e r would have l i n g e r e d l o n g i n t h e s t i l l a i r o f a g a l l e r y , , Moreover, 
men d o i n g heavy work would have had t o b r e a t h e t h a t a i r deeply,, A l o n g 
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l e n g t h o f co a t e d s a f e t y f u s e would t e n d t o g e n e r a t e fumes and smoke 
al o n g i t s e n t i r e l e n g t h o 
The v e r y f l e x i b i l i t y which i n some s i t u a t i o n s was a d e c i d e d 
advantage c o u l d i n o t h e r s l e a d t o t h e s o r t o f a c c i d e n t t h e i n v e n t i o n 
had been supposed t o p r e v e n t s 
13,063 (Mr. Dames Dees, CoE 0, P a r k s i d e Mines) 
(a ) "Do you use t h e p a t e n t s a f e t y f u z e i n your mines? = No; and 
f o r t he same reason t h a t we cannot use the copper p r i c k e r , , 
When the p a t e n t f u z e i s used, i t i s p u t i n w i t h t he powder, and 
the stemming i s d r i v e n i n round the f u z e . We have t r i e d i t and 
we f i n d t h a t t h e f u z e i s d r i v e n i n t o those c a v i t i e s i n t h e same 
way as t h e copper r o d i s , and i t b r e a k s , t h a t i s t h e c o n n e c t i o n 
between t h e f i r i n g a t t h e end o f the powder i s broken o f f from 
t h e i r r e g u l a r i t y o f t h e bore h o l e , . 
13,064 
( b ) Why can f u z e n o t be used w i t h s a f e t y ? = Because of the 
n a t u r e of t h e o r e , b e i n g so f u l l of c a v i t i e s , and th o s e c a v i t i e s 
h a v i n g v e r y sharp edges, so t h a t i f t h e s a f e t y f u z e was used, the 
a c t o f tamping would f o r c e t h e fuze i n t o t h e s e c a v i t i e s , the sharp 
edges of which would c u t i t and re n d e r i t e n t i r e l y i n e f f e c t u a l , " 
(The danger i n the above example would come when i t was a t t e m p t e d 
t o stem i n a new charge w i t h an i r o n tamping bar i n t o a bore h o l e t h a t 
c o n t a i n e d s p i l l e d powder g r a i n s f r o m the c u t end o f the f u s e ) 0 
Some mine managers expressed themselves i n f a v o u r of t h e s a f e t y 
f u s e b u t c o n t i n u e d t o c i t e t h e p r e j u d i c e o f the miners as t h e source o f 
r e s i s t a n c e t o i t s f u l l employments 
13,376. (Mr, Dohn B a r r a t t , C o n i s t o n Mines ( C o p p e r ) , 
( a ) Chairmans Have you had any a c c i d e n t s f r o m b l a s t i n g ? =• Yes, 
13,377,, 
( b ) " I s i t your p r a c t i c e t o use the s a f e t y f u s e ? •=> Very l i t t l e , 
b u t we have t r i e d i t over and over again*, I am d e t e r m i n e d t o 
i n s i s t upon i t now, because I am convinced o f t h e advantages and 
s a f e t y which r e s u l t f r o m i t , t h e men are p r e j u d i c e d a g a i n s t it„" 
P a r l i a m e n t a r y Report of t h e C o n d i t i o n 
of"nines, 1864, 
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B i c k f o r d f u s e was n o t much used i n c o a l mines because b l a s t i n g 
was avoided? i t tended t o rend the c o a l s too much. But t h i s 
o b j e c t i o n d i d n o t h o l d when s h a f t s were b e i n g sunk t o reach the c o a l 
seams and f o r t h i s work i t was recommended,, 
To examine i n d e t a i l t h e use of copper and wooden tamping b a r s , 
copper p r i c k e r s , and the l i k e , would be t o take the t r e a t m e n t o f B i c k f o r d 
f u s e f a r beyond t h e proper s u b j e c t m a t t e r of t h i s d i s s e r t a t i o n , , But i t 
must be s a i d t h a t f r o m a s t u d y o f contemporary r e p o r t s i t would appear 
t h a t some a t l e a s t of the b e n e f i t s c l a i m e d f o r t h e use o f s a f e t y fuse 
s h o u l d i n p a r t be a t t r i b u t e d t o t h e a d o p t i o n o f o t h e r p r a c t i c e s a t about 
t h e same t i m e 0 
The t e s t i m o n y g i v e n b e f o r e the S e l e c t Committee on A c c i d e n t s i n 
Mines came s u f f i c i e n t l y e a r l y a f t e r t h e i n t r o d u c t i o n of B i c k f o r d ' s f u s e 
t o g i v e an i d e a of the t r u e s i t u a t i o n and t o a m p l i f y what has been s a i d 
above, 
1 6 5 0 ( 3 o h n T a y l o r , Esq„ 1 7 t h June 1835))„ 
( a ) "„oo t h e workman has t o f i r e t h e h o l e and then be drawn 
up by a s i n g l e rope over i t ; i f the f u z e communicate t o the 
gunpowder more r a p i d l y t h a n he e x p e c t s , he i s blown t o p i e c e s ; 
b u t w i t h t h e s a f e t y f u z e he may t a k e two or t h r e e f e e t , and so 
de l a y t h e e x p l o s i o n t h a t he may be su r e t o be i n a pl a c e o f 
s a f e t y b e f o r e i t happens 0 T h i s i s made so c h e a p l y , t h a t no 
d i f f i c u l t y has been found i n i t s i n t r o d u c t i o n ; t h e men a r e 
s u p p l i e d w i t h i t so i t i s n o t w o r t h t h e i r w h i l e t o make common 
f u z e s , and I t h i n k i t i s one of the most happy t h o u g h t s t h a t has 
occurred,," 
( b ) 1 6 6 o " I s t h a t i n g e n e r a l use i n t h e mines i n C o r n w a l l ? -
I t i s used i n many o f t h e mines,," 
( c ) 167 0 " I s i t your o p i n i o n or n o t , t h a t i t s a d o p t i o n i s 
u n i v e r s a l ? => I b e l i e v e i t i s i n g e n e r a l use i n many of the 
p r i n c i p a l mines i n C o r n w a l l ; I have s e n t specimens t d a l l the 
oth_3r__ m i n i n g d i s t r i c t s with_ w h i c h ^ I _am connected i n d i f f e r e n t 
par_bs o f E n g l a n d 0 b u t I t h i n k i t has n o t met w i t h _ t j i e a t t e n t i o n 
i t has deserved,," 
and The Winning and Working of C o l l i e r i e s (A T r e a t i s e on) 
Flathias Dunn, Newcastle 1848„ 
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And again? 
( d ) 1 7 2 o "You have a l l u d e d t o t h r e e s p e c i f i c improvejTiejTts^jthe_ 
t a m p i n j ^ b a r , the n e e d l e , and t h e s a f e t y f u z e ; have you formed 
ony o p i n i o n as t o t h e r e l a t i v e decrease o f a c c i d e n t s i n consequence 
of t h e i n t r o d u c t i o n o f these improvements? - I cannot say t h a t I 
can s t a t e s t a t i s t i c a l l y , or e x a c t l y ^ my i m p r e s s i o n i s t h a t 
a c c i d e n t s are l e s s common than they used t o be."*' 
The J o u r n a l of H.R.S. Enterprise-,- 1850 = 1855, devotes a s p e c i a l 
n o t e , Note 34; Gunpowder i n I c e , t o t h e use o f w a t e r p r o o f powder bags 
and B i c k f o r d f u s e f o r b l a s t i n g o u t channels i n the s e a ~ i c e o f the 
B e h r i n g S t r a i t . T h i s use o f the f u s e d i f f e r s i n no m a t e r i a l sense f r o m 
i t s use i n b l a s t i n g r o c k or i n b l a s t i n g under water = n o t i o n a l l y i t i s a 
c o m b i n a t i o n of t h e t w o 0 But what the example does serve t o show i s 
t h a t t h e r e was a r e a d i n e s s t o employ t h e f u s e i n n o v e l s i t u a t i o n s , t o 
expand a c t i v i t y i n t o t h e areas which t h e new t e c h n i q u e s a l l o w e d . I t 
may n o t have been the f i r s t o c c a s i o n when i c e had been moved w i t h gunpowder, 
b u t , f o r want o f o p p o r t u n i t y j, i t may w e l l have been t h e f i r s t use of the 
new s a f e t y f u s e i n t h e b l a s t i n g o f s ea=ice s e v e r a l metres t h i c k on a 
l a r g e scale., 
I t i s noted i n t h e above account t h a t t h e Navy had t o r e l y on the 
a d v i c e of C a p t a i n R. S t o t h a r d o f the Royal Engineers f o r t h e f i t t i n g o u t 
of the e x p e d i t i o n i n r e s p e c t o f f u s e and powder. The C a p t a i n d i d n o t , 
however, accompany t h e e x p e d i t i o n and i t i s mentioned p o i n t e d l y t h a t the 
t e c h n i q u e f o r use was p e r f e c t e d d u i j r i g t h e voyage by A d m i r a l S i r L„R !Clintock 0 
The use of w a t e r t i g h t c o n t a i n e r s and s a f e t y f u s e a l l o w e d underwater 
d e m o l i t i o n s t o become commonplace; 
r^ep^r^Jj^oji^the^ S e l e c t Committee on A c c i d e n t s i n n i n e s t o g e t h e r 
w i t h the J j i n u t e s of Evidenea and Evidence I n d e x , Ordered by t h e 
_House of Commonsj, t o be p r i n t e d 4 t h September 1835. 
""'^  3 p j ^ r n a l _of_ H p J T ^ S ^ j j l t g Z P r j j j ^ , 1850=1855, Memoir oX__Ad,miral S i r 
R_o C o l l i n s on, Sampson Low & Co„, London 0 
N o o 9 3 5 0 "On Improvements i n D i v i n g Dresses, and o t h e r Apparatus 
f o r Working under Water." By John W i l l i a m Heinke. Proceedings 
of the I n s t i t u t e of C i v i l E n g i n e e r s , 1 8 t h Rarch 1856. 
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The bow o f t h e b r i g j j l i j J ^ m ^ was found t o be s t i l l s t a n d i n g 
i n a compact mass, e i g h t or t e n f e e t (2<>44 m - 3 o05 m,) above t h e 
bottom, and p a r t o f one s i d e was a l s o r e m a i n i n g . These were 
s u b s e q u e n t l y blown t o p i e c e s by seventeen s m a l l charges of f o r t y 
f i v e pounds (99 Kg) each c o n t a i n e d i n f i v e g a l l o n ( 2 2 0 7 l i t r e s ) 
t i n o i l = - b o t t l e s , and f i r e d by piec e s of B i c k f o r d ' s f u z e s s i x f e e t 
(183 cm,) l o n g . 
The above o p e r a t i o n t o o k p l a c e on the 6 t h Dune 183B, I t c o u l d 
w i t h v e r y l i t t l e m o d i f i c a t i o n i n method or m a t e r i a l s have ta k e n p l a c e 
a t any tim e t h r o u g h o u t t h e r e s t o f t h e c e n t u r y . The i n t r o d u c t i o n o f 
dynamite and b l a s t i n g caps d i d n o t a l t e r the use of B i c k f o r d f u s e f o r 
s i m p l e and l i m i t e d b l a s t i n g o p e r a t i o n s . 
The Commercial and T e c h n i c a l Dl^E^PJPJEflL^iLJ-bB-JLuJiE, 
The economic c o n d i t i o n s coming t o g e t h e r t o a l l o w t h e commercial 
p o t e n t i a l o f t h e B i c k f o r d f u s e t o be r e a l i s e d would seem t o have been 
g e n e r a l l y v e r y f a v o u r a b l e , , 
W i l l i a m B i c k f o r d has been d e s c r i b e d as a l e a t h e r merchant," 
Wo i n f o r m a t i o n has been f o u n d which might be used t o show t h e e x t e n t 
of h i s t r a d e , but h i s f a m i l y was c l e a r l y w e l l enough pl a c e d t o be a b l e 
t o d e r i v e t h e f u l l e s t advantage f r o m t h e e x p l o i t a t i o n of h i s patent,, 
W i l l i a m B i c k f o r d h i m s e l f d i d n o t l i v e beyond 1834„ I t was W i l l i a m ' s 
son, Solomon B i c k f o r d , who was a c t i v e i n t h e commercial and t h e t e c h n i c a l 
development of the s a f e t y f u s e , 
( B i o g r a p h i c a l d e t a i l s i n t r o d u c e d i n t o a s t u d y o f t h i s k i n d must 
be b r i e f ) . The f o l l o w i n g i s p r e s e n t e d o n l y because i t i n d i c a t e s t h e 
s o c i a l s t a n d i n g o f the f a m i l y and because i t may be a way o f showing a 
p o s s i b l e l i n k between t h e f i r m of B i c k f o r d , Smith and Davey and one o f 
the more i m p o r t a n t f i g u r e s i n t h e development of e x p l o s i v e s ) , 
Solomon B i c k f o r d i s s a i d t o have h e l d a major's commission. I t 
i s noii known, however, i f t h i s is' d a t e d f r o m b e f o r e or a f t e r the f o u n d i n g 
* and R n d P 0 f B . E . I . (1903) 
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o f t h e businesso I t i s JLess l i k e l y though by no means i m p o s s i b l e 
t h a t t h e commission p r e - d a t e s t h e b e g i n n i n g s o f t h e f i r m because 
Solomon c o u l d n o t have been much o l d e r than t w e n t y when h i s f a t h e r t ook 
o u t t h e f i r s t p a t e n t on the s a f e t y f u s e . W i l l i a m was o n l y f o r t y when 
he d i e d (1794-1834)„ A l l o w t h e n , t h a t Solomon B i c k f o r d h e l d an Army 
commission, and a l l t h a t i m p l i e d d u r i n g t h e e a r l y p a r t o f l a s t century,. 
I t i s u n l i k e l y t o have been a commission i n a l i n e r e g i m e n t . I n 
C o r n w a l l , i n the 1840's t h e r e was no l i n e r e g i m e n t s t a t i o n e d i n t h e 
c o u n t y . The o n l y two m i l i t a r y u n i t s m u s t e r i n g i n C o r n w a l l a t t h a t 
t i m e were TJie__Duke of C o r n w a l l ' s Rangers, a t T r u r o , and, more 
s i g n i f i c a n t l y p The Royal C o r n i s h M i n e r s . Both were v o l u n t e e r regiments,, 
I f Solomon B i c k f o r d had been a Major i n the Royal J ^ r j i s h Miners 
some t i m e a f t e r about 1833 he would have known of_ C o l o n e l Pasley and 
h i s work a t Chatham, and he would have had an o p p o r t u n i t y t o canvass 
h i s f i r m ' s p r o d u c t f o r i n c l u s i o n i n the t r i a l s . C0W0 Pasley was t o be 
B i c k f o r d ' s p r o f e s s i o n a l w i t n e s s ^ i n 1839 s d u r i n g the l i t i g a t i o n between 
B i c k f o r d and Skewes. 
Of the r e s t of t h e f a m i l y , l i t t l e need be s a i d h e r e 0 W i l l i a m 
-IHS-
B i c k f o r d ' s daughter m a r r i B d a Mr. George Smith who l a t e r became Dr. 
George Smith. Mr. Thomas Davey seems t o have c o n t r i b u t e d t o the t e c h n i c a l 
s i d e of t h e f i r m f o r h i s name appears w i t h t h a t o f Solomon Davey as co= 
p a t e n t e e on a number o f o c c a s i o n s . Together these men made up the f i r m 
of B i c k f o r d , Smith and D avey, which was t o manufacture f u s e a t Camborne 
u n t i l 1947 0 
From t h e s t a r t , t h e b u s i n e s s seems t o have had many advantages? 
some i t had i n common w i t h t h e r e s t o f B r i t i s h i n d u s t r y a t the t i m e 5 
o t h e r s were p e c u l i a r t o i t s own l o c a t i o n and n a t u r e . 
I n b e l o n g i n g t o t h e new m e r c a n t i l e c l a s s e s the f a m i l y had t h e 
I l l u s t r a t e d I t i n e r a r y o f the County of C o r n w a l l by Cyrus Redding, 
Pubo How & Parsons, London, 1842. 
Doctor of D i v i n i t y . 
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knowledge and the means t o p r o t e c t i t s i n t e r e s t s ! as has been seen, i t 
c o u l d a f f o r d t o go t o law a t t h e h i g h e s t l e v e l . I n being B r i t i s h , a t 
t h a t t i m e , t h e r e was some s p e c i a l advantage i n overseas t r a d i n g , both 
w i t h i n and o u t s i d e of a g r o w i n g empire. I t was, moreover a p e r i o d of 
g r e a t g r o w t h i n c i v i l e n g i n e e r i n g p r o j e c t s ; the i n t r o d u c t i o n o f the 
s a f e t y f u s e c o i n c i d e s w i t h t h e expansion of r a i l w a y b u i l d i n g . 
The p l a n t f o r t h e m a n u f a c t u r e o f the f u s e was t o hand i n or near 
Camborne (whether or n o t W i l l i a m B i c k f o r d owned a rope=walk i s n o t a t 
a l l c l e a r ) . An e x i s t i n g rope=walk adapted e a s i l y t o t h e new process? 
t h e m o d i f i c p t i o n s needed would have been m i n i m a l . T h i s r e p r e s e n t s a 
t w o = f o l d advantage. On the one hand l i t t l e c a p i t a l would have been 
needed t o be found f o r the a d a p t a t i o n s on the o t h e r , t h e o p p o r t u n i t y 
c o s t of g o i n g i n t o fuse=making was d i m i n i s h e d . There was no need t o 
go e n t i r e l y i n t o f u s e making u n t i l t h e demand was known t o be t h e r e . 
The t a k e = o f f of t h e e n t e r p r i s e may have been r e l a t i v e l y slow 
d u r i n g the f i r s t few y e a r s . I t has been s a i d t h a t f o r t y f i v e m i l e s 
i s t r u e t h e n t h e f i r m t u r n e d o u t f u s e w i t h a market v a l u e of s i x hundred 
pounds ( t h a t i s i n t h e money of the t i m e , c a l c u l a t e d a t .6 penny per 
f o o t x 45 x 1760 x 3 = 237600 ft„ x D 6 'd» = 142560? 142560/240 = £594. )„ 
I t i s d i f f i c u l t t o say what s o r t magnitude of t u r n o v e r t h i s was seen t o 
be i n t h e e a r l y t h i r t i e s of t h e n i n e t e e n t h c e n t u r y 0 
The market f o r t h e f i r s t o u t p u t o f s a f e t y f u s e was c l o s e a t hand. 
Camborne was a t the c e n t r e o f a m i n i n g d i s t r i c t . But t h i s may have 
been t h e cause of some problems f o r t h e new f i r n i o I n t h e b e g i n n i n g 
t h e s c a l e of manufacture was n e c e s s a r i l y s m a l l . T h e r e f o r e , no m a t t e r 
what t h e demand f o r the s a f e t y f u s e had been f r o m the s u r r o u n d i n g copper 
mines t h e r e was a l i m i t t o the q u a n t i t y o f f u s e t h a t c o u l d be made = t h e r e 
2£E£2 
o f f u s e were produced d u r i n g the f i r s t year of p r o d u c t i o n * , I f t h i s 
R. and P. of B 0 E . I . (1903) 
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was a c e r t a i n i n e l a s t i c i t y o f s u p p l y . At t h e same time t h e demand 
f o r the f u s e t h r o u g h o u t , a t l e a s t , t h e c o u n t r y was somewhat i n e l a s t i c 
T h i s was one o f the p o i n t s made by t h e d e f e n d a n t s i n t h e case of B i c k f o r d 
\ i Skewess t h a t one manufactory was s u f f i c i e n t t o s u p p l y t h e whole 
c o u n t r y . The p r o d u c t i o n of f u s e would have t o w a i t on t h e use o f 
e x p l o s i v e s as q u a n t i t i e s as w e l l as e n t i t i e s . 
Success i n l e g a l a c t i o n may t o some e x t e n t have a l l o w e d B i c k f o r d , 
Smith and Davey t o e n j o y much of t h e monopoly t h e i r p a t e n t s g r a n t e d t o 
them f o r a t l e a s t a few y e a r s 0 But any p a r t of the market not s u p p l i e d 
by the f i r m was a l o s s . With a d e v i c e so i n t r i n s i c a l l y s i m p l e as t h e 
s a f e t y f u s e any s o r t of t e c h n o l o g i c a l monopoly would bave been i m p o s s i b l e 
t o m a i n t a i n 0 A momentary e x a m i n a t i o n of a sample would have been enough 
f o r v e r y many men t o have worked o u t a way of making the same t h i n g . 
A t t e m p t s t o c i r c u m v e n t t h e p a t e n t w i l l be d i s c u s s e d p r e s e n t l y . 
I f w i t h i n the U n i t e d Kingdom t h e f i r m was l a r g e l y a b l e t o p r o t e c t 
i t s e q u i t y , i t c o u l d n o t so e a s i l y do so o v e r s e a s , i n those c o u n t r i e s 
o u t s i d e t h e g r o w i n g B r i t i s h empire,, The o n l y way t o secure the f i r m ' s 
i n t e r e s t s abroad was t o have a r e s i d e n t agent and a l s o perhaps p a r t n e r s 
who were n a t i o n a l s of the c o u n t r y concerned,, The f i r s t overseas branch 
was s e t up a t Amesbury, C o n n e t i c u t , U.S.A. i n 1836, T h i s i s w o r t h y of 
note because i t c o u l d be t a k e n as an i n d i c a t i o n cf the f i r m ' s s t r e n g t h 
and s t a n d i n g o n l y some f i v e y e ars a f t e r i t s founding,, I t may w e l l be 
t h a t , i n the cose o f B i c k f o r d , Smith and Davey, where t h e c o p y i n g of t h e i r 
p r o d u c t was so easy, they had no c h o i c e but t o open up branches abroad,, 
I t d h o u l d a l s o be remembered t h a t t h i s was b e f o r e the p a s s i n g of t h e 
L i m i t e d L i a b i l i t y Act o f 1855, 
The French branch of B i c k f o r d ' s opened i n Rouen, i n 1839, under 
t h e d i r e c t i o n o f Fir, Simon Davey„ The Rouen branch c o n t r i b u t e d a t 
l e a s t one p a t e n t = t h e ' i n s t a n t a n e o u s f u s e ' of 1855 = t o t h e f i r m ' s 
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holdings,, But a p a r t f r o m t h a t the Rouen branch seems t o hav/e t a k e n 
on a s e p a r a t e existence,, I n France,, B i c k f o r d Fuse was known as Le 
Cordon A n q l a i s 0 
Df the German branch of t h e f i r m which was opened i n 1844 n o t h i n g 
has been fou n d i n t h e l i t e r a t u r e reviewed,, 
B i c k f o r d , Smith and Davey e n j o y e d t h e i r t r a d e monopoly f o r o n l y 
about f i f t e e n years,, A f t e r t h a t t h e y were a s s a i l e d by many a t t e m p t s 
a t c i r c u m v e n t i o n and i n f r i n g e m e n t 0 Much of t h i s a l t e r n a t i v e d e v e l o p ^ 
ment came f r o m the f i r m ' s home c o u n t y . 
The case of B i c k f o r d U Skewes hns a l r e a d y been cited„ Cl o s e r t o 
home, t h e s h a r e h o l d e r s and management of t h e C o r n i s h Nines were presumably 
unhappy w i t h B i c k f o r d ' s terms o f t r a d e because i n 1846 they opened the 
j J n i t y S a f e t y Fuse Company a t L i t t l e Beside, S c o r r i e r , Cornwall,, Wo 
i n f o r m a t i o n has been found t o show how U n i t y was a b l e t o c i r c u m v e n t t h e 
B i c k f o r d p a t e n t . I t seems u n l i k e l y t h a t t h e y o p e r a t e d under lic e n c e , , 
The s a v i n g t o a l a r g e m i n i n g s y n d i c a t e i n b e i n g a b l e t o s u p p l y i t s e l f 
w i t h a necessary a r t i c l e i s o b v i o u s 0 The l o s s of a market so c l o s e t o 
home must have a f f e c t e d B i c k f o r d , Smith and Davey's revenues f o r some 
time,, But common sense suggests t h a t a m i n i n g s y n d i c a t e o f the s i z e of 
C o r n i s h Mines would have been to o f o r m i d a b l e i n l i g a t i o n t o c h a l l e n g e 
w i t h o u t danger,, The U n i t y S a f e t y Fuse Company was s t i l l i n business i n 
1903 o 
A g a i n , t h e X-^fj 3 °^ ^ t h August 1855 r e c o r d s t h a t t h e r e was a gun= 
powder e x p l o s i o n a t Hawke's Safetj^__f_use_ Manufactory a t Gwennap,, T h i s 
v i l l a g e i s w i t h i n s i x m i l e s o f Camborne,, 
The g r o w t h of c o m p e t i t i o n of t h i s k i n d continued,, As l a t e as 1871 
t h e f i r m o f W i l l i a m Bennet was s e t up near t o Camborne,, By the t u r n o f 
the c e n t u r y t h e business employed over two hundred workers — women f o r 
t h e most p a r t •= i n making a f u s e , t h e raw m a t e r i a l s f o r which d i f f e r e d 
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n o t a t a l l f r o m those used a t t h e B i c k f o r d factory<> C l e a r l y t h e r e 
was room f o r expansion i n the f u s e i n d u s t r y of t h e e i g h t e e n s e v e n t i e s -
but i t was n o t a l l t o f a l l t o B i c k f o r d , Smith and Davey 0 
The advantages of l o c a t i o n which t h e f i r m e n j o y e d were few, 
and o f these t h e r e were none which c o u l d n o t have as e a s i l y been 
e x p l o i t e d by t h e c o m p e t i t i o n as i t came i n t o being,, As has been seen, 
the advantages of e x c l u s i v e p r o d u c t i o n and a ready d o o r s t e p = - o u t l e t 
d i d n o t l a s t long,, 
A s t r o n g l o c a t i o n a l advantage l a y i n t h e r e being a w i l l i n g l a b o u r 
f o r c e i n t h e l o c a l women,, Fuse making l e n t i t s e l f t o t h e use of female 
labour,, Even s m a l l a d d i t i o n a l i n c r e m e n t s t o cash=wages would have been 
i m p o r t a n t i n a remote area,, 
The r e a l commercial advantages were, however, i n h e r e n t i n the n a t u r e 
o f t h e p r o d u c t o 
The v a l u e addedness a t t a c h e d t o t h e manufacture o f s a f e t y f u s e 
must have been enormous 0 From raw m a t e r i a l s bought by w e i g h t a 
p r o d u c t was made which c o u l d be s o l d by the f o o t o 
The raw m a t e r i a l s = hemp, t a r , v a r n i s h , w h i t i n g or China c l a y s and 
f i n e = g r a i n e d gunpowder = must have been r e a d i l y and cheaply a v a i l a b l e as 
e i t h e r s e a — s t o r e s or m i n i n g s u p p l i e s 0 
Only i n s e c u r i n g i t s s u p p l i e s o f gunpowder d i d the f i r m o f 
B i c k f o r d , Smith and Davey have t o i n v e s t d i r e c t l y i n a powder m i l l 0 I t 
i s r e c o r d e d t h a t " i n Hay of 1859 Plr„ Thomas Davey made a p p l i c a t i o n t o 
the C o r n w a l l Midsummer Sessions f o r a l i c e n c e t o e r e c t a gunpowder m i l l 
and magazine a t a p l a c e c a l l e d West Towan, i n the p a r i s h o f I l l o g a n 0 I t 
may have been t h a t by 1859 the f i r m ' s p r o d u c t i o n needs were g r e a t enough 
t o c a l l f o r the i n t e g r a t i o n o f a powder m i l l i n t o the business,, But the 
a r t i c l e f rom which t h e above i n f o r m a t i o n was t a k e n i n d i c a t e s t h a t a t 
E£^j£ieejcijT£, Nay 1859 „ 
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l e a s t p a r t of the m i l l was t o be used t o make a new c e l l u l a r form of 
gunpowder. T h i s w i l l be d i s c u s s e d e l s e w h e r e , 
B i c k f o r d , Smith and Dav/ey l o o k t o have had a sound s e l l i n g p o l i c y * 
And i n a t l e a s t one case a p r o f e s s i o n a l c i v i l e n g i n e e r went o u t o f h i s 
way t o w r i t e a t e s t i m o n i a l f o o t n o t e ; 
The o b s e r v a t i o n s 
( a ) " I t has a l r e a d y been s t a t e d t h a t the powder was i g n i t e d by 
means o f B i c k f o r d ' s p a t e n t f u s e ; but as t h i s m a t e r i a l i s never 
made i n l e n g t h s e xceeding 48 f e e t (14<>6 m), i t was found e x p e d i e n t , 
i n o r d e r t o save waste, t o use the whole c o i l , c u t t i n g o f f a t t h e 
r e q u i s i t e l e n g t h when a b s o l u t e l y i n t h e h o l e , and u s i n g the 
remainder i n t h e same way t i l l t h e whole was used u p 9 " 
gave r i s e t o t h e f o l l o w i n g a t t h e f o o t of t h e same page; 
( b ) "The s h o r t and r e m a i n i n g ends, though u s e f u l f o r l e s s d e p t h s , 
were o f l i t t l e v a l u e , f r o m d i f f i c u l t y of s p l i c i n g them t o g e t h e r 
T h i s o p e r a t i o n , though t r o u b l e s o m e , was r e s o r t e d t o w i t h success 
on one o c c a s i o n w h i l s t w a i t i n g f o r a p a r c e l of fuse,, On r e t u r n i n g 
t h e s h o r t ends t o Messrs, B i c k f o r d , they a l l o w e d h a l f the l e n g t h of 
the new f u z e i n exchange,," 
Such a p p a r e n t l y generous p r a c t i c e s c o u l d w e l l be a s i g n of very 
hard c o m p e t i t i o n i n t h e t r a d e . N e v e r t h e l e s s t h e f i r m u ndertook some 
p r o d i g a u s o r d e r s i n i t s day„ 
S i x hundred thousand y a r d s (548 Km„) were consumed i n the b l a s t i n g 
o p e r a t i o n s a s s o c i a t e d w i t h the c u t t i n g o f the Manchester Ship C a n a l 0 
At the quoted p r i c e o f 6/10 of one penny per r u n n i n g f o o t , t h i s 
r e p r e s e n t s s a l e s v a l u e d a t £4,500 i n the money o f the t i r n e 0 
The r e t u r n s of m i l i t a r y e n g i n e e r i n g s t o r e s d u r i n g the Siege of 
S e v a s t a p o l show t h a t d u r i n g t h e month of February 1855, 3179 yards (2907 m 
remained a f t e r t he b l a s t i n g of d r a i n a g e d i t c h e s a l o n g the B r i t i s h lines§ 
l\!Oo725„ "The a p p l i c a t i o n of Gunpowder as an i n s t r u m e n t of 
e n g i n e e r i n g o p e r a t i o n s , e x e m p l i f i e d by i t s use i n b l a s t i n g rnarl 
r o c k i n t h e R i v e r Severn," by George Edwards, N„Inst 0 C E o , 
1 7 t h Dune 1 8 4 5 , U o l d U , p o 3 6 1 , e_t 
R„ and P„ B oE oI„1909 o 
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d u r i n g March t h e balance s t o o d a t 3069 yards (2806 m„) °, d u r i n g A p r i l 
no_ s a f e t y f u s e was h e l d | by September the s t o r e s had been r e p l e n i s h e d , 
t h e r e t u r n shows t h a t t h e e x p e d i t i o n a r y f o r c e was h o l d i n g a r e s e r v e o f 
6B5 y a r d s (626 m) 0 I t was noted t h a t many of t h e men s e r v i n g i n the 
ranks of t h e Royal Corps of Sappers and [ l i n e r s were e x p e r i e n c e d quarrymen 0 
( W . H o R u s s e l l r e p o r t s t h a t t h e French a l l i e s f a i l e d i n 
t h e i r a t t e m p t t o blow up F o r t St„ N i c h o l a s w i t h a s p e c t a c u l a r l y 
l a r g e charge o f gunpowder, 50,000 Kg,,, because Le Cordon A n g l a i s 
had proved u n r e l i a b l e , , R u s s e l l does not say whether i t was 
s u p p l i e d by t h e Rouen branch o f the f i r m o r from Camborne),, 
An o r d e r f o r one m i l l i o n yards (914 Km) o f a s p e c i a l l a r g e 
d i a m e t e r , g u t t a percha c o v e r e d , deep~sea f u s e f o r t h e government 
o f the Dutch East I n d i e s i s recorded,, T h i s k i n d o f f u s e must 
have c o s t somewhat more than the common m i n i n g f u s e and perhaps 
r e p r e s e n t s t h e s c a l e of t h e f i r m ' s a c t i v i t i e s a t i t s peak,, 
The t e c h n i c a l development o f the s a f e t y f u s e f r o m i t s i n v e n t i o n up 
t o and beyond 1875 was l i m i t e d . I t was l i m i t e d t o ever more complex 
v a r i a t i o n s i n t h e means of c o v e r i n g t h e f u s e , and i n t h e machinery f o r 
a c h i e v i n g t h i s end„ I t was l i m i t e d t o p o s s i b l e v a r i a t i o n s i n t h e 
c o m p o s i t i o n used i n the c o r e w h i c h , so f a r as can be d i s c o v e r e d , c o n t i n u e d 
t o be comiran b l a c k gunpowder. 
T h i r t y f o u r years a f t e r the g r a n t i n g of t h e o r i g i n a l p a t e n t t h e 
p r o d u c t i s e s s e n t i a l l y t h e same 0 
Appendix t o ."Journal of the Siege of S e v a s t a p o l , C a p t a i n E l p h i n s t o n e 
R o C 9 London 1856„ 
The War i n the Crimea, lil.H. R u s s e l , 1856 9 R o u t l e d g e , 
R0 and P o B o j - o I , , 1909 „ 
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"1049,, 3oSo B i c k f o r d , Camborne, C o r n w a l l , 'Safety r u s e ' -
da t e d 12th A p r i l , 1865; 
The f u s e employed i s the o r d i n a r y B i c k f o r d ' s p a t e n t f u s e , 
as d e s c r i b e d i n the s p e c i f i c a t i o n of l e t t e r s p a t e n t dated 6 t h 
September 1831, s p e c i a l l y p r e p a r e d so as t o p r e v e n t f i r e f r o m 
b u r s t i n g t h r o u g h t h e c o a t i n g , so t h a t i t s h a l l i g n i t e a charge 
o n l y a t the end o f it„ The means t h e p a t e n t e e employs f o r the 
accomplishment of t h i s o b j e c t are as followss=» the f u s e i s f i r s t 
v a r n i s h e d w i t h t h e u s u a l t a r v a r n i s h , then covered w i t h another 
l a y e r of yarrio I t i s then passed t h r o u g h a v a r n i s h composed o f 
seventeen p a r t s o f f i n e p o t t e r ' s c l a y , one p a r t o f g l u e , one p a r t 
of r e d l e a d , and one p a r t o f alum by weighto The g l u e and alum 
are d i s s o l v e d t o g e t h e r i n hot w a t e r , and t h e n mixed w i t h t he c l a y 
and l e a d w i t h s u f f i c i e n t w ater t o fo r m a t h i n paste,, The f u s e 0 , 0 " 
The s p e c i f i c a t i o n t a k e s on an i n c a n t a t o r y c o m p l e x i t y as i t 
proceeds,, The names of the d i f f e r e n t grades of s a f e t y f u s e themselves 
t r a c e t h e developments i n c o v e r i n g s ? 
" S a f e t y f u s e „ „ o s i n g l e t a p e f u s e 0 „ „ c o t t o n f u s e <,»„ 
w h i t e f i n i s h e d , t a p e d , double c o u n t e r e d f u s e „»<. double taped 
f u s e o o o w h i t e f i n i s h e d , double c o u n t e r e d , g u t t a percha f u s e 0 « o 
w h i t e f i n i s h e d , double c o u n t e r e d f u s e o o o b l a c k f i n i s h e d , double 
c o u n t e r e d f u s e 0 0 » Dumbo 3„o" 
The s p e c i f i c a t i o n f o r a p a t e n t g r a n t e d t o a r i r 0 Dames Harbooth 
Gresham o f H u l l and dated 2 6 t h October 1867 r e p r e s e n t s a f a i r specimen 
of t he s o r t o f c o m p e t i t i o n t h a t emerged as the c e n t u r y p r o g r e s s e d . The 
d e s c r i p t i o n i s n o t u n u s u a l l y l o n g or i n v o l v e d f o r a s p e c i f i c a t i o n of i t s 
k i n d . I t does, however, o f f e r as ' p e c u l i a r ' t h a t which had l o n g been 
commonplace 0 
The B r i t a n n i a S a f e t y Fuze d i f f e r e d f r o m any o t h e r o n l y i n so f a r 
as i t i n c o r p o r a t e d i n i t s core t h r e a d s o f ' f i b r o u s m a t e r i a l ' t h a t had 
been soaked i n a s o l u t i o n of s a l t p e t r e , and the o u t e r c a s i n g was i n p a r t 
formed from s t r i p s of b o o k - b i n d e r ' s t i p - b o a r d mouldeai i n t o s e m i - c i r c u l a r 
"The E n g i n e e r , 4 0 9„lB57. 
t r o u g h s e c t i o n s o The f u s e o f f e r e d ! a tough homogeneous and i m p e r v i o u s 
casing'„ 
The r e c o r d s abound w i t h r e g i s t r a t i o n s o f p a t e n t s f o r f u s e s . 
F o r t u n a t e l y many are l a t e r e n t e r e d as "not proceeded wi t h ' , , Many a l s o 
merely mark p a t e n t s f i l e d f o r t h e s o l e purpose o f hedging o f f c o m p e t i t i o n 
by d r a w i n g a d i s t i n c t i o n where t h e r e was o n l y a t r i v i a l d i f f e r e n c e , . 
T h i s d i d n o t go unremarked i n the t e c h n i c a l p r e s s 0 I n commenting 
on Smith's ( B i c k f o r d , Smith and Davey) P a t e n t G u t t a Percha S a f e t y Fuse i n 
The P r a c t i c a l Mechanic & E n ^ i n e e r J ^ H j g a g J j i e ^ of 1 s t Dune 1867, t h e e d i t o r 
o f the day shows t h a t he was f u l l y a l e r t t o the s i t u a t i o n and d i d not 
h e s i t a t e t o add h i s comments t o t h e f i n a l paragraphs o f an a r t i c l e i n 
which t h e proposed new f u s e i s d e s c r i b e d ; 
"The schemes are i n g e n i o u s , but we cannot g i v e Mr.Srnith 
t h e c r e d i t of e n t i r e o r i g i n a l i t y of c o n t r i v a n c e , s e e i n g t h a t a t 
l e a s t two p a r t i e s have done t h e same t h i n g b e f o r e , or a t l e a s t 
p o i n t e d t h e way„ Mr. Bewley o f D u b l i n , and f i r . C a r b i nes o f 
C o r n w a l l , have b o t h proposed the a d a p t a t i o n o f g u t t a percha f o r 
t h e same purpose,, The p l a n of t h e f o r m e r gentlemen indeed 
e x p r e s s l y d e s c r i b e s the method of m a n u f a c t u r i n g t h e tubes i n terms 
alm o s t i d e n t i c a l w i t h those o f Mr. Srnitho" 
(There i s a t l e a s t a h i n t o f v e r y l o n g s t a n d i n g acrimony between 
m a n u f a c t u r e r s o The p a t e n t e e o f a l e a d covered f u s e , Mr. C a r b i n e s , above, 
i s d e s c r i b e d as 'a miner' by one o f the grandsons of f i r s . Smith when i n 
1903 he i s c o n t r i b u t i n g t o a r e v i e w of p r o g r e s s i n the e x p l o s i v e s i n d u s t r y , , 
Development i n t h e core m a t e r i a l was n e g l i g i b l e . Oscar Guttman, 
perhaps t h e most w i d e l y e x p e r i e n c e d e x p e r t i n t h e p r a c t i c a l manufacture 
o f e x p l o s i v e s t h e n l i v i n g , w r o t e , j u s t a f t e r the t u r n of t h e c e n t u r y ; 
Twenty^ Years Progress i n E x p l o s i v e s (p„5), Oscar Guttman. 
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" F u r t h e r p r o g r e s s , a l t h o u g h seemingly s m a l l , has been 
t h a t made i n powder f o r s a f e t y f u s e s „<>. f o r m e r l y i t was n o t 
uncommon t o use t h e s i f t i n g s o f m i n i n g powder f o r s a f e t y f u s e s , 
but t h e s t r i n g e n t r e q u i r e m e n t s have compelled a l l m a n u f a c t u r e r s 
t o make a s p e c i a l q u a l i t y of f u s e powder t o c o n s t a n t c o m p o s i t i o n , 
d e n s i t y , and u n i f o r m g r a n u l a t i o n , i n s p i t e of i t s almost d u s t = 
l i k e c h a r a c t e r „°," 
I t i s i n t e r e s t i n g t o observe t h a t what would have been a new f u s e 
c o r e m a t e r i a l was a c t u a l l y suggested by C o l o n e l C.^o Pasley when he was 
g i v i n g e v i d e n c e i n the B i c k f o r d U Skewes case. The p l a i n t i f f s had been 
c h a l l e n g e d t o show t h a t any o t h e r m a t e r i a l than common gunpowder c o u l d be 
used f o r the core of a fu s e s 
" C o l o n e l Pasley „ „ <, had nu doubt t h a t one substance 
answering t h e d e s c r i p t i o n , namely d e t o n a t i n g powder, might be used 
Ag a i n , C o l o n e l Pasley l o o k s t o have s u f f e r e d f r o m a t e c h n o l o g i c a l 
b l i n d s p o t o (Or perhaps he was answering i n c r o s s - e x a m i n a t i o n w i t h the 
o n l y p o s s i b l e answer, f o r f u l m i n a t e o f mercury was t h e o n l y o t h e r e x p l o s i v e 
then i n p r a c t i c a l u s e ) 0 The cause of t h e b l i n d s p o t i n t h i s case, 
however, may n o t have l a i n i n h i s n o t being a b l e t o v i s u a l i s e the 
manufacture o f such a f u s e as h i s n o t be i n g a b l e t o imagine an 
a p p l i c a t i o n f o r i t 0 The patenting of j u s t such a f u s e as Pasley suggested 
had t o w a i t u n t i l t he end of t h e c e n t u r y when an A u s t r i a n , C o l o n e l 




POTASSIUM CHLORATE EXPLOSIVES 
(1B57 = 1875) 
Claude L„ B e r t h o l l e t (1748 - 1822) i s c r e d i t e d w i t h the d i s c o v e r y 
o f a means o f p r o d u c i n g p o t a s s i u m c h l o r a t e on a s c a l e and o f a p u r i t y 
which a l l o w e d i t s use i n e x p l o s i v e s 0 Glauber (1603 - 1668) i s t h o u g h t 
t o hage prep a r e d potassium c h l o r a t e , but the e x t e n t o f b i s work w i t h t h e 
compound i s u n c e r t a i n , , 
A l o g i c a l s t e p t o t a k e upon the d i s c o v e r y o f a new and p o w e r f u l 
o x i d i s i n g agent was t o e x p e r i m e n t w i t h i t s p o s s i b l e s u b s t i t u t i o n f o r 
s a l t p e t r e i n gunpowder,. Count B e r t h o l l e t a t t e m p t e d t h i s i n 1788„ The 
a t t e m p t was met w i t h almost immediate disaster„ M a r s h a l l g i v e s a 
u s e f u l s h o r t account of the events 
"A p a r t y had been made up t o see t h e f i r s t o f t h e new 
powder made up i n the m i l l s ; M„ and Mme, L a v o i s i e r , M„Berthollet, 
the Commissary, M„ de Chevraud and h i s d a u g h t e r , t h e e n g i n e e r , 
Mo L e f o r t , and o t h e r s , W h i l s t t he m i x t u r e was b e i n g i n c o r p o r a t e d 
i n a stamp m i l l , t h e p a r t y went t o breakfast,, L e f o r t and Mlle„ 
de Chevraud were t h e f i r s t t o r e t u r n , and as th e y d i d so t h e 
charge exploded w i t h g r e a t v i o l e n c e , t h r o w i n g them a g r e a t d i s t a n c e 
and c a u s i n g such i n j u r i e s t h a t they b o t h d i e d i n a few m i n u t e s , " 
T h i s set=back t o any p o t e n t i a l l a r g e development o f c h l o r a t e based 
e x p l o s i v e s was t o be permanent,, There was no l a t e r r e h a b i l i t a t i o n o f 
pot a s s i u m c h l o r a t e compounds as t h e r e was t o be w i t h f i r s t g u n - c o t t o n 
and l a t e r w i t h n i t r o g l y c e r i n e 
But so e f f i c i e n t an o x i d i s i n g agent was t o be p e r e n n i a l l y a t t r a c t i v e 
t o i n v e n t o r s and amateur c h e m i s t s 0 And i t i s f o r t h i s reason t h a t a note 
of f i r m r e s e r v a t i o n must be made,, The r e c o r d of t h e e f f o r t s o f i n v e n t o r s 
w o r k i n g w i t h c h l o r a t e e x p l o s i v e s i s t a k e n f o r much the most p a r t from 
d e t a i l s of p a t e n t s g r a n t e d d u r i n g t h e period,, A p a t e n t g r a n t e d =• and thus 
" M a r s h a l l As 'Explosives'' , C h u r c h i l l , London 1917 0 
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by i m p l i c a t i o n an ' i n v e n t o r ' c r e a t e d = d i d n o t , however, n e c e s s a r i l y 
advance t h e t e c h n o l o g y o f e x p l o s i v e s i n any m a t e r i a l way„ The c h l o r a t e 
e x p l o s i v e s , p a r t i c u l a r l y , l o o k t o have a t t r a c t e d t h e endeavours o f the 
e m p i r i c a l and f o o l h a r d y dabblers,, The a t t r a c t i o n was t h a t l i t t l e 
c a p i t a l or p l a n t was r e q u i r e d and i t was seen t h a t t h e r e was l i k e l y t o be 
a r i c h r e w a r d w a i t i n g f o r t h e man who c o u l d f i n d a way t o re n d e r p o t assium 
c h l o r a t e e x p l o s i v e s t r a c t a b l e , , 
At t h e more g e n e r a l l e v e l , however, Government and the e s t a b l i s h e d 
m a n u f a c t u r e r s of e x p l o s i v e s , t h r o u g h o u t t h e c e n t u r y , shunned al m o s t a l l 
c o m p o s i t i o n s c o n t a i n i n g c h l o r a t e of po t a s s i u m f o r any use as main-charge 
e x p l o s i v e s , , S i r A l f r e d A b e l , f o r many years t h e p r i n c i p a l a d v i s e r t o t h e 
government on m a t t e r s r e l a t i n g t o e x p l o s i v e s , was i n no doubt about the 
l i m i t a t i o n t o t h e use of c h l o r a t e e x p l o s i v e s i n m i n i n g ; 
"Some o f the p r e p a r a t i o n s of t h i s c l a s s , w h i c h , d i s g u i s e d 
by f a n c y names, o c c a s i o n a l l y f i n d t h e i r way i n t o m i n e r s ' hands, 
are of so dangerous a c h a r a c t e r t h a t i t amounts t o l i t t l e s h o r t 
of a c r i m i n a l i t y t o endeavour t o f i n d a s a l e f o r such mixtures,," 
On Recent I n v e s t i g a t i o n s and A p p l i c a j t i o n s ^ 
o f E x p l o s i v e Agents, by F<,A0 A b e l , Chemical 
News, 1 5 t h September 1871 ( p 0 1 2 6 ) 
( R e c o g n i t i o n t h a t t h e dangers a s s o c i a t e d w i t h c h l o r a t e e x p l o s i v e s 
was n o t outweighed by t h e advantages they o f f e r e d was n o t c o n f i n e d t o 
the U n i t e d Kingdom,, The f o l l o w i n g q u o t a t i o n comes fr o m an American 
work,, I t i s i n c l u d e d because i t i l l u s t r a t e s t h e p r o b a b l e ' f r i n g e ' n a t u r e 
of c h l o r a t e p r o d u c t s when i t came t o t h e i r s a l e t o the P u b l i c o 
"Flany are deluded as t o i t s s a f e t y by s o - c a l l e d e x p e r i m e n t s 
w i t h f r e s h l y made powder- M a n u f a c t u r e r s o f t h e compounds may 
a t t e m p t t o show i t s s a f e t y by c u t t i n g and hammering i t , and s i m i l a r 
t e s t s i b u t l e t the powder be exposed t o t h e n a t u r a l a t m o s p h e r i c 
a c t i o n , a t t r a c t some m o i s t u r e d u r i n g t h e damp foggy n i g h t , and t h e n 
g e t d r y , and t h e l e a s t f r i c t i o n or blow w i l l cause an unexpected 
explosion,, „ „)" 
The Rodern High E x p l o s i v e s by Manual E i s s l e r , 
3ohn Wiley & Sons, New York, 1884„ 
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N e v e r t h e l e s s , c h l o r a t e e x p l o s i v e s were made ajnd and used, though 
perhaps none v e r y e x t e n s i v e l y , d u r i n g t h e p e r i o d under study,, For t h i s 
reason i t i s t h o u g h t a p p r o p r i a t e t o b r i n g t o g e t h e r the few d e t a i l s which 
i t has been p o s s i b l e t o l o c a t e , and t o p r e s e n t therm But the v e r y 
d i f f u s e n a t u r e of the data d i c t a t e s t h a t t h e most p r o f i t a b l e way of d o i n g 
t h i s w i l l be t o o f f e r , as e x a m p l e s s d e t a i l s o f those few c h l o r a t e e x p l o s i v e s 
f o r which more t h a n a very l i t t l e i n f o r m a t i o n i s a v a i l a b l e , , For t h e 
r e s t , these w i l l be c l a s s i f i e d a c c o r d i n g t o the dat e of t h e i r p a t e n t 
r e g i s t r a t i o n and c o l l e c t e d t o g e t h e r , a l o n g w i t h any f r a g m e n t a r y m a t e r i a l , 
i n an appendix (Appendix I ) 0 Though i t w i l l be seen t h a t some o f t h e 
headings i n t h e appendix a re more l e n g t h y and d e t a i l e d t h a n some of thoee 
used i n t h e main t e x t of t h i s d i s s e r t a t i o n , those chosen f o r use i n t h e 
main t e x t a r e c o n s i d e r e d t o be more g e n e r a l l y r e p r e s e n t a t i v e of t h e i r 
c l a s s t h a n o t h e r s w h i c h , a l t h o u g h t h e r e i s more, and o f t e n more 
i n t e r e s t i n g , d e t a i l a v a i l a b l e , a r e more i n the n a t u r e of a s i d e s t o t h e 
main n a r r a t i v e of t e c h n i c a l developments 
The p r o g r e s s i o n of development f o r t h e c h l o r a t e e x p l o s i v e s c l u s t e r s 
around t h r e e s e p a r a t e approaches t o f i n d i n g a way t o use them„ These 
are seen as h a v i n g been - c h r o n o l o g i c a l l y =• t h e s u b s t i t u t i o n o f potassium 
c h l o r a t e f o r pot a s s i u m n i t r a t e i n t h e t r a d i t i o n a l gunpowder? the so= 
c a l l e d ' w h i t e * gunpowders? and, those powders i n which i t was a t t e m p t e d 
t o m o dify t h e v i o l e n c e which r e s u l t e d f r o m t h e i n c l u s i o n of potassium 
c h l o r a t e i n t h e formulae 
C h l o r a t e Gunpowriers 
Only one B r i t i s h p a t e n t f o r a compound t h a t con p r o p e r l y be c i t e d 
as an i n s t a n c e of a potassium c h l o r a t e gunpowder, s i m i l a r i n a l l r e s p e c t s 
t o a c o n v e n t i o n a l b l a c k gunpowder save t h a t t he potassium c h l o r a t e was 
s u b s t i t u t e d f o r t h e pot a s s i u m n i t r a t e 3 w'1  ^  C ^ C U S ^ . 
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K o h l e r ' s Powder, B r i t i s h p a t e n t Wo 01622, o f 1 0 t h Dune 1857 had, 
a c c o r d i n g t o C u n d i l l , t h e f o l l o w i n g f o r m u l a s 
" C h l o r a t e o f p o t a s h , 70 parts;; s u l p h u r , 20 p a r t s ? 
c h a r c o a l , 10 p a r t s , " 
C u n d i l l appends the s i n g l e t e r s e comment; 
" O b v i o u s l y a d a n g e r o u s l y s e n s i t i v e powder." 
As a p r o b a b l e r e g i s t r a t i o n e x e r c i s e t o secure a c o n t i n e n t a l 
pateet'., i t i s p o s s i b l e - p r o b a b l e - t h a t t h i s powder was never a c t u a l l y 
produced i n the U n i t e d Kingdoms 
B e l l f o r t ' s Powder, B r i t i s h P a t e n t No 02,910 o f 1 0 t h A p r i l 1857 was 
r a t h e r a use o f p o t a s s i u m c h l o r a t e w i t h a b l a c k gunpowder t h a n i_n a 
b l a c k gunpowder. O r d i n a r y l a r g e g r a i n gunpowder was t r e a t e d w i t h a 
s a t u r a t e d aqueous s o l u t i o n of p o t a s s i u m c h l o r a t e , and d r i e d . L i k e the 
d u s t i n g of mealed b l a c k powder which was used on some v a r i e t i e s of b a r y t i c 
gunpowder a few years l a t e r ( 1 8 6 7 ) , the p e l i c l e of c h l o r a t e would have 
been seen t o have enhanced the s u p p l y of oxygen a v a i l a b l e t o the gunpowder 
when i t was f i r e d o I t can be supposed t h a t the v e r y low s o l u b i l i t y of 
the p o t a s s i u m c h l o r a t e would have a l l o w e d t h e c o a t i n g o f c r y s t a l s t o be 
a p p l i e d w i t h t h e use o f so l i t t l e w a t er t h a t the gunpowder g r o i n s would 
n o t have been much d i s s o l v e d . 
The l e s s o n of 1788 was w e l l l e a r n e d , Whatever e l s e was done i n 
a t t e m p t s t o make use of m i x t u r e s c o n t a i n i n g c h l o r a t e , the extreme danger 
which a t t e n d e d any a t t e m p t s t o make p r e s s e d , g r a n u l a t e d , powders was f u l l y 
r e c o g n i s e d , 
White^ Gunpowders 
F'or the purposes o f t h i s s t u d y those c o m b i n a t i o n s of p o t a s s i u m 
c h l o r a t e w i t h potassium f e r r o c y a n i d e , or w i t h antimony s u l p h a t e , or w i t h 
any o t h e r m e t a l l i c s a l t , w i l l be c l a s s i f i e d as ' w h i t e ' gunpowders 0 This 
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c l a s s i f i c a t i o n i s an a r b i t r a r y one made t o group t o g e t h e r a few e x p l o s i v e 
s u b s t a n c e s which i t i s t h o u g h t were d e v i s e d t o produce the most v i o l e n t 
and sudden r e a c t i o n s possible,, 
(Such powders were of course n o t e n t i r e l y ' w h i t e ' a t a l l c 
M i x t u r e s c o n t a i n i n g any s i g n i f i c a n t p r o p o r t i o n of po t a s s i u m 
f e r r o c y a n i d e would have y i e l d e d a powder t h a t was somewhat y e l l o w ; 
antimony s u l p h i d e would have g i v e n r i s e t o a l i g h t grey powder; 
t h e r e d o r p i m e n t ( t r i s u l p h a t e o f a r s e n i c ) used i n M e l v i l l e ' s Powder 
would have i n c l i n e d t h a t compound towards a shade o f p i n k ) 0 
An account of a w h i t e gunpowder was f i r s t p u b l i s h e d i n the U n i t e d 
Kingdom i n t h e j o u r n a l r j h e m i c a l Gazettis f o r May 1850, The paper, On a 
ne w _ k i j i d of Gunpowder, by Mo Augendre was r e p r i n t e d f r o m Comptes Rendus^ XXX 
(pol79)„ 
I n the l i g h t of what was l a t e r t o be known about t h e e x t r e m e l y 
c a p r i c i o u s n a t u r e o f such c o m p o s i t i o n s t h e r e i s a m a t t e r o f f a c t q u a l i t y 
t o the tone o f the paper which i s h a i r = r a - i s i n g o 
Augendre g i v e s h i s f o r m u l a ; 
"Powdered, c r y s t a l l i s e d , p r u s s i a t e o f p o t a s h , 1 p a r t ; 
w h i t e s ugar, 1 p a r t ; c h l o r a t e o f p o t a s h , two p a r t s 0 " 
Such f o r m u l a e under the names o f 'German gunpowder' and 'American 
gunpowder' a r e numerous i n t h e j o u r n a l s ; a good sample w i l l be g i v e n i n 
an appendix. 
The m i x i n g of s m a l l q u a n t i t i e s a t l e a s t was c a r r i e d o u t i n b r i s k 
f a s h i o n u s i n g d r y i n g r e d i e n t s ; 
" o o o t h e y ( t h e i n g r e d i e n t s ) may be pounded t o g e t h e r i n 
an agate m o r t a r 0 Mot the l e a s t f e a r need be e n t e r t a i n e d o f 
the most p o w e r f u l f r i c t i o n 0 o o " 
L a r g e r q u a n t i t i e s were f i r s t made m o i s t w i t h water,, Augendre's 
d e s c r i p t i o n of what he saw t o be t h e advantages and the d i s a d v a n t a g e s 
of h i s powder i n d i c a t e t h a t he had u n d e r t a k e n some e x p e r i m e n t a l work 
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b e f o r e he proceeded t o p u b l i c a t i o n s 
" - I t i s formed o f substances whose c o m p o s i t i o n i s w e l l 
d e t e r m i n e d and f i x e d , and can t h e r e f o r e always be o b t a i n e d o f 
the same s t r e n g t h by w e i g h i n g o f f the c o n s t i t u e n t s , , I t l e a v e s 
l e s s f o u l i n g than gunpowder. These substances are u n a l t e r a b l e 
by t h e a c t i o n o f m o i s t or d r y a i r , so they can be k e p t any time , , o 
The manufacture r e q u i r e s l e s s t i m e , a f o r t r e s s might „„ 0 be p r o v i d e d 
w i t h t h e s e v e r a l c o n s t i t u e n t s i n powder 0 , o t h e f o r c e i s much g r e a t e r 
o o o L a s t l y , i t has the advantage t h a t the d u s t has t h e same e f f e c t as 
the g r a i n , so t h a t each c o n s t i t u e n t might be reduced t o a v e r y f i n e 
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powder s e p a r a t e l y by v e n t i l a t i o n , and the s e v e r a l powders t h e n 
mixed i n a r o t a t i n g l e a t h e r b a r r e l . 
The new powder has the f o l l o w i n g d i s a d v a n t a g e s ; - i t 
o x i d i z e s t h e i r o n b a r r e l s v e r y much, so t h a t i t s use i s l i m i t e d 
t o bronze b a r r e l s , and f o r f i l l i n g p r o j e c t i l e s . I t i s more e a s i l y 
i n f l a m e d t h a n o r d i n a r y gunpowder, but n o t so r e a d i l y as o t h e r m i x t u r e s 
w i t h c h l o r a t e of p o t a s h o " 
The i n v e n t o r d i d have an a c c i d e n t w i t h h i s new gunpowder a t one 
p o i n t , and a d v e r t i s e d t h e f a c t f u l l y i n h i s p a p e r 0 His d e s c r i p t i o n g i v e s 
the c o n d i t i o n s under which the a c c i d e n t o c c u r r e d <= i t a l s o suggests the 
s i m p l e m i s c o n c e p t i o n he h e l d as t o t h e n a t u r e of t h e powder he was w o r k i n g 
w i t h o 
"The a u t h o r d i r e c t s a t t e n t i o n t o the c i r c u m s t a n c e s r e a d i l y 
c o n c e i v a b l e f r o m t h e b e h a v i o u r o f t h e c h l o r a t e o f potash towards 
s e v e r a l o t h e r s u b s t a n c e s , t h a t the g r e a t e s t care s h o u l d be taken 
t o a v o i d i n t r o d u c i n g i n t o the m i x t u r e any c h a r c o a l or s u l p h u r , o r 
m i x i n g any o r d i n a r y gunpowder w i t h t h i s powder. The a u t h o r des= 
c r i b e s an a c c i d e n t which o c c u r r e d t o him f r o m t h i s c ause 0 He 
t i t u r a t e d some powder which had been k e p t i n a powder f l a s k , and 
had become mixed w i t h a few g r a n u l e s of o r d i n a r y gunpowder? a 
f u r t h e r q u a n t i t y o f t h e p r u s s i a t e o f potash was added t o i t , so 
t h a t t h e whole amounted t o more t h a n 50 grams? on t h e second or 
t h i r d t u r n o f t h e p e s t l e t h e whole mass exploded „,0 t h e a u t h o r 
l o s t eyebrows and e y e l a s h e s , and remained f o r two days u n c e r t a i n 
whether he s h o u l d l o s e h i s s i g h t s , " 
" ( ' v e n t i l a t i o n ' p r o b a b l y r e f e r s t o a process a k i n t o winnowing? t h e 
l i g h t e r and t h u s f i n e r p a r t i c l e s d r i f t f u r t h e s t ohen a l l o w e d t o f a l l 
t h r o u g h the a i r f r e e l y ) 0 
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Augendre's q u i t e u n d e r s t a n d a b l e p r e o c c u p a t i o n w i t h t h e e f f e c t s of 
a s l i g h t c o n t a m i n a t i o n o f common gunpowder seems t o have d r i v e n o u t of 
h i s mind t h e c o n s i d e r a t i o n t h a t t h e m i x t u r e he was w o r k i n g w i t h was 
i n t r i n s i c a l l y d a n g e r o u s l y s e n s i t i v e , , The warning Augendre's account 
gave s h o u l d have been c l e a r t o any p r u d e n t person, but i f t h e number o f 
p a t e n t s concerned w i t h one form or a n o t h e r of w h i t e gunpowder i s an 
i n d i c a t i o n i t d i d n o t 0 I t may be t h a t e x p e r i m e n t e r s w i t h w h i t e gun~ 
powder were s t a t i s t i c a l l y more f o r t u n a t e t h a n they might haye been 0 
( i t i s observed t h a t f o r many years (1844=1875) t h a t 
r e l a t i v e l y l a r g e q u a n t i t i e s o f a c o m p o s i t i o n v e r y s i m i l a r t o 
a w h i t e gunpowder must have been made i n t h e German st a t e s , , 
The c a r t r i d g e f o r t h e Dreyse needlegun was primed w i t h a 
c h l o r a t e , antimony s u l p h i d e , e t c composition)„ 
H o r s l e y ' s Powder 
A t h i r d c l a s s of c h l o r a t e e x p l o s i v e s can be formed o f those 
e x p l o s i v e s i n which the p o t a s s i u m c h l o r a t e s t a n d s i n t h e same r e l a t i o n 
t o t he o t h e r c o n s t i t u e n t s as t h a t s e r v ed by the n i t r a t e s i n the m o d i f i e d 
gunpowders,, H o r s l e y ' s Powder i s t h e most r e p r e s e n t a t i v e o f these 
powders. Of a l l t h e o t h e r powders of i t s c l a s s , H o r s l e y ' s powder i s 
t h e o n l y one f o r which i t has been p o s s i b l e t o f i n d a f i r m r e c o r d of i t s 
p r a c t i c a l use. I t was a p p l i e d t o t h e b l a s t i n g o f a r a i l w a y c u t t i n g a t 
r t i l l f o r d , ' w i t h o u t a c c i d e n t , and w i t h success' „ An o f f e r of t h e powder 
t o t h e government was r e j e c t e d ^ i t was t e s t e d f o r i t s s u i t a b i l i t y as a 
f i l l i n g f o r t o r p e d o e s by a C a p t a i n Harvey 0 
The p a t e n t f o r t h e e x p l o s i v e was t a k e n o u t by t h e i n v e n t o r h i m s e l f 
on the 1 9 t h A p r i l 1869„ B u t H o r s l e y c l a i m e d t h a t he had d e l a y e d t a k i n g 
o u t a p a t e n t f o r h i s d i s c o v e r y f o r a l m o s t seven y e a r s . The J o u r n a l 
_C he mi c_a 1 News f o r 1 6 t h August 1862, (p„87) c a r r i e s a paragraph i n which 
t h i s a s s e r t i o n i s made. The p a r a g r a p h , 0n_ an E x p l o s i v e _ Comp• cjn d by 
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3ohn H o r s l e y F.CS. ( F e l l o w of t h e Chemical S o c i e t y ) , g i v e s a d e s c r i p t i o n 
which i s much th e same as t h a t p u b l i s h e d i n much l a t e r m a t e r i a l , , 
( H o r s l e y recommends t h e m i x i n g of gunpowder w i t h powdered g a l l s , but 
makes no a c t u a l mention o f h i s u s i n g c h l o r a t e j though t h i s may be no 
more t h a n a c e r t a i n unhandiness i n h i s prose),, The paragraph ends; 
" I have been a c q u a i n t e d w i t h t h i s f o r s e v e r a l y e a r s , but never p u b l i s h e d 
i t before,," 
(The reason f o r t h i s r e t r o s p e c t i o n may be a t t r i b u t e d t o t h e 
f a c t t h a t a t some time H o r s l e y was i n d i s p u t e w i t h an i n v e n t o r c a l l e d 
E h r h a r d t o I t i s n o t known i f the d i s p u t e was t a k e n b e f o r e the c o u r t s ; 
i f i t was, and some r e c o r d of the p r o c e e d i n g s c o u l d be f o u n d , much might 
be r e v e a l e d o f the background t o a r e l a t i v e l y obscure p a r t o f t h e 
development o f e x p l o s i v e s ) 0 
H o r s l e y ' s Powder was composed o f t h r e e p a r t s of f i n e l y powdered 
p o t a s s i u m c h l o r a t e t o one p a r t of powdered ' g a l l nuts',, 
The most d e t a i l e d a c c o u n t o f t h e process o f making H o r s l e y ' s 
powder fo u n d was t h a t which was p r i n t e d i n the j o u r n a l , The E n g i n e e r , 
o f 1 2 t h March 1869, i n the a r t i c l e On E x p l o s i v e Compounds f o r E n g i n e e r i n g 
jpur poses by T1r0 P e r r y Nursey 0 
An o v e r v i e w o f t h e method d e s c r i b e d by Nursey shows i m m e d i a t e l y 
t h e l i m i t a t i o n s and dangers a t t a c h e d t o any l a r g e s c a l e p r o d u c t i o n s 
" f i r . H o r s l e y prepares t h i s powder by g r i n d i n g of the two 
i n g r e d i e n t s c a r e f u l l y ( a p a r t ) and i n t i m a t e l y „„„ m i x i n g them i n a 
wooden m o r t a r w i t h a p e s t l e of the same m a t e r i a l , as t h i s i s l e s s 
l i a b l e t o be exploded by a hlow„ An a l t e r n a t i v e method of m i x i n g , 
a l s o adopted by Fir,, E h r h a r d t , appears t h e s a f e r where l a r g e 
q u a n t i t i e s are r e q u i r e d , , 
T h i s c o n s i s t s i n p a s s i n g the i n g r e d i e n t s t h r o u g h a s e r i e s 
o f h o r s e h a i r s i e v e s a r r a n g e d one below the o t h e r and h a v i n g a 
r o c k i n g m o t i o n i m p a r t e d t o thorn,, Upon the upper s i e v e s the 
i n g r e d i e n t s are f i r s t mixed by being r u n t o g e t h e r f r o m two 
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r e c e p t a c l e s p l a c e d above the arrangement and c o n t a i n i n g a g i v e n 
w e i g h t o f c h l o r a t e of po t a s s i u m and the o t h e r one t h i r d of such 
w e i g h t o f (powdered g a l l n u t s ) 0 The c h l o r a t e b e i n g much h e a v i e r 
t h a n t h e g a l l n u t s , t h e i r r e s p e c t i v e volumes a r e about equal,, 
M o t i o n b e i n g i m p a r t e d t o t h e s i e v e s , and as t h e two f i n e l y ground 
i n g r e d i e n t s pass downward t h r o u g h t h e s i e v e s , t h e y become ble n d e d , 
and form the e x p l o s i v e compound,," 
The Power o f C h l o r a t e E x p l o s i v e s 
The power of c h l o r a t e e x p l o s i v e s i s something which w i l l w a r r a n t a 
l i t t l e d i s c u s s i o n , , Were t h e y h i g h e x p l o s i v e s i n the same sense t h a t 
n i t r o g l y c e r i n i s ? Were t h e y low e x p l o s i v e s ? Did they come somewhere 
i n between? Did whether they were h i g h or low depend upon t h e n a t u r e o f 
t h e compounds the pure p o t a s s i u m c h l o r a t e was mixed withe, I t i s e n t i r e l y 
p o s s i b l e t h a t s i n c e c h l o r a t e e x p l o s i v e s have been g e n e r a l l y o u t of use f o r 
a l m o s t a c e n t u r y t h a t t h e r e has never been an o c c a s i o n when one of t h e 
more v i o l e n t l y e x p l o s i v e c h l o r a t e c o m p o s i t i o n s has been t h e s u b j e c t o f 
s c i e n t i f i c t e s t i n g , , 
What can be o f f e r e d i s an account f r o m the a r t i c l e by Flr„ Perry 
Nursey c i t e d above which d e s c r i b e s a t e s t he w i t n e s s e d which was designed 
t o compare the r e l a t i v e f o r c e of H o r s l e y ' s powder w i t h t h a t o f the b e s t 
q u a l i t y s p o r t i n g gunpowder. The d e s c r i p t i o n i s of the e f f e c t o f f i f t y 
g r a i n (15 grams) charges f i r e d o f f i n the chamber of an e p r o u v e t t e one 
i n c h (2„54 cm.) f r o m a s t o u t b l o c k of elmwoods 
"The d i s r u p t i v e f o r c e of H o r s l o y ' s powder on t h e wood was 
as i f a s o l i d body had been d r i v e n i n t o i t , s e p a r a t i n g t h e f i b r e s 
and t e a r i n g a hol e c o m p l e t e l y i n t o i t D The f o r c e of t h e s m a l l 
g r a i n gunpowder merely l e f t a mark upon the s u r f a c e of the wood 
blockso o o " 
H o r s l e y ' s powder would seem t o have d i s p l a y e d something of the 
q u a l i t i e s of a h i g h e x p l o s i v e , , 
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The Us_e_ qf_ Tannin M a t e r i a l s i n E x p l o s i v e s 
The f i r s t r e c o r d f o u n d which mentions t a n n i n m a t e r i a l s as con= 
s t i t u e n t s o f e x p l o s i v e s appeared i n the Pra,cti.ca 1 M e c h a n i c s ' 3 o u r_n al_ 
f o r 1 s t Dune 1861, (p 077)» 
" B l a s t i n g Powder = A p a t e n t has been t a k e n o u t i n 
Belgium f o r t h e manufacture of b l a s t i n g powder f r o m spent 
t a n barkooo f o r the e f f e d t o f t h e powder i s s a i d t o be v e r y 
g r e a t Ooo and the c o n v e r s i o n o f the spent t a n — b a r k would 
c o n f e r a g r e a t boon on t h e l e a t h e r trade,.»" 
( i t can be c o n j e c t u r e d t h a t t h i s p aragraph may have been t h e 
cause of Dohn H o r s l e y announcing h i s work on h i s c h l o r a t e e x p l o s i v e ) , , 
There would seem t o be no p a r t i c u l a r p r o p e r t y i n h e r e n t i n the 
v a r i o u s t a n n i n m a t e r i a l s used which c o u l d be s a i d s f r o m t h e p o i n t of 
view o f tho c h e m i c a l r e a c t i o n produced;, which would commend i t r a t h e r 
t h a n s say, c h a r c o a l , o r s wood f l o u r , o r any of t h e o t h e r c e l l u l o s e 
f i b r e m a t e r i a l s which were t r i e d 0 S i r F r e d e r i c k ( t h e n P r o f e s s o r ) Abelj, 
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s p e a k i n g i n t h e d i s c u s s i o n which f o l l o w e d t h e r e a d i n g o f h i s paper on 
e x p l o s i v e agents t o t h e I n s t i t u t i o n of C i v i l E n g i n e e r s i n 1873 i s quoted 
i n t h e p r i n t e d minutes as sa y i n g s 
"He r e a l l y f a i l e d t o d i s c e r n t h e e x i s t e n c e of any m e r i t 
i n s pent t a n and sawdust as c o n s t i t u e n t s o f a b l a s t i n g powder,," 
N e v e r t h e l e s s , a t l e a s t t e n of the c o m p o s i t i o n s mentioned i n C u n d i l l ' s 
d i c t i o n a r y = n i t r a t e , c h l o r a t e , and n i t r o g l y c e r i n e x p l o s i v e s - c o n t a i n e d 
e i t h e r s pent t a n or powdered g a l l s ? o t h e r s c o n t a i n e d b r o a d l y s i m i l a r 
m a t e r i a l s , e v e r y t h i n g f r o m sea-grass t o c o f f e e grounds^ 
Spent t a n bark i s l i k e l y t o have been a very p l e n t i f u l waste m a t e r i a l 
i n t h e middle p a r t of t h e l a s t century,, I t can s e n s i b l y be suggested t h a t 
i t was cheap and t h a t because i t had been u n d e r g o i n g a process o f 
s o a k i n g f o r as much as n i n e months i t would p r o b a b l y have been e a s i l y 
"Paper No 0 1342„ 
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broken up and ground i n t o a u n i f o r m mass o f s m a l l f i b r e s 0 
Oak g a l l s were r e a d i l y a v a i l a b l e because they were a l s o used as 
a p a r t i c u l a r l y r i c h source of t a n n i c a c i d (60%)„ But they would have 
been no cheap s u b s t i t u t e f o r c h a r c o a l , s i n c e they were o r d i n a r i l y i m-
p o r t e d f r o m the Levant„ I t may be t h a t H o r s l e y s p e c i f i e d t h i s m a t e r i a l 
s i m p l y i n o r d e r t o confound E h r h a r d t i n t h e i r d i s p u t e 0 Only Horsley 
s p e c i f i e s t h e use of 'gall-nuts'„ 
The l a t e s t r e f e r e n c e t o H o r s l e y ' s powder oc c u r s i n an a r t i c l e i n 
th e j n u r n a l E n g i n e e r i n g f o r 2 9 t h September 1B71? E x p l o s i v e Compounds 
( v a r i o u s e x p l o s i v e s ) ; , E_ngineeri_ng^ i s a l i t t l e guarded i n t h e e x p r e s s i o n 
of i t s views? 
" H o r s l e y c o n s i d e r s h i s compound a s a f e one, and t h a t may 
be so i n h i s or o t h e r e q u a l l y c a r e f u l hands, but beyond t h i s we 
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Sch°onbeinj3 D i s c o v e r y 
C h r i s t i a n F r i e d r i c h SchVnbein i s g e n e r a l l y c r e d i t e d w i t h t he 
d i s c o v e r y of th e e x p l o s i v e gun-cotton,, There i s n o t , however, a s i n g l e 
d a t e which can be c i t e d f o r t h e discovery,, The e a r l i e s t g e n e r a l p e r i o d 
which can be g i v e n i s t a k e n f r o m a s t a t e m e n t made by Schonbein h i m s e l f 
i n a paper p u b l i s h e d i n t h e P h i l o s o p h i c a l Magazine f o r Flay o f 1847 ( p 0 7 ) ; 
" A l l t h i s passed i n December 1845, and the f i r s t few months i n 1846 0" 
A s c h o l a r who had access t o ScKonbein's o r i g i n a l l e t t e r s was e q u a l l y 
unable t o g i v e even a c l o s e a p p r o x i m a t i o n ; 
" I do f e e l q u i t e s u r e whethsr t h e r e was n o t an o t h e r 
l e t t e r of ScKonbein's which i s now l o s t , coming between those 
of March 5 t h and Dune 2 0 t h ( o f 1846) „ His e x p r e s s i o n i n the 
l e t t e r o f June 2 0 t h seems t o me t o i n d i c a t e t h i s s 
' I t w i l l perhaps i n t e r e s t you t o know t h a t I have not 
made many e x p e r i m e n t s w i t h my gun—cotton,, ' 
Th i s i s alone enough t o show t h a t the w r i t e r assumes on 
thB p a r t o f B e r z e l i u s an a c c u r a t e a c q u a i n t a n c e w i t h t he then 
s t a t e of a f f a i r s ? and t h i s would be s i m p l y and e a s i l y e x p l a i n e d 
f r o m the correspondence which they were u s u a l l y so fs&nd of keepin g 
u p 0 Though a c c o r d i n g t o Schonbein's own account i n th e ^ ^SSJUB-lJJM, 
Z e i t u n g of 25 t h October 1846, t h e f i r s t e x p e r i m e n t s on b i g guns on 
a l a r g e s c a l e had been performed i n th e weeks of A p r i l 6 - 1 2 , and 
the d i s c o v e r y had a t t r a c t e d t he a t t e n t i o n of the g e n e r a l p u b l i c t o 
a very unusual degrescoo" 
The L e t t e r s o f Jons Jakob B e r z e l i u s and_ 
C h r i _ s t i a n _ F r i e d r i c h Schonbein;) 1836 J J 3 4 7 
E d i t e d by George W„A 0 Kahlbaum 
T r a n s l a t e d i n t o E n g l i s h by 
F r a n c i s \lo D a r b i s h i r e Phod,, and l\]0V„ Sidgwick 
Pu h o W i l l i a m & Norgato, 
London 1900 9 p 085„ 
The work which l e d t o t h e d i s c o v e r y was ScKonbein's re s e a r c h e s 
i n t o t he s i z i n g or ' p a r c h n e n t i s i n g 1 of o r d i n a r y paper by t r e a t i n g i t 
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w i t h n i t r i c and s u l p h u r i c a c i d s 0 T h i s , whether t h e paper was made fr o m 
e i t h e r l i n e n rags or wood p u l p , would have r e s u l t e d i n a substance 
which was h i g h l y i n f l a m m a b l e and p o t e n t i a l l y explosive,, ScKonbein 
continued t o work on such papers a f t e r March of 1846„ 
Schonbein was i n v i t e d t o demonstrate h i s g u n - c o t t o n a t t h e a r s e n a l 
a t L u d w i gsburg, and l a t e r a t 5 t u t g a r t 9 t h i s time b e f o r e t h e King of 
B a v a r i a , d u r i n g A p r i l of 1846, and ScKonbein c o n t i n u e d h i s e x p e r i m e n t s 
a t Wurtemburg d u r i n g t h a t summer. 
On 2 8 t h Duly 1846 ScKonbein was 'the person who f i r e d the f i r s t 
cannon loaded w i t h g u n - c o t t o n and s h o t ' 0 He had a l s o used g u n — c o t t o n 
t o b l a s t a r a i l w a y t u n n e l a t I s t e m i n the Grand Duchy of Baden*, But 
f r o m t h e b e g i n n i n g t h e p r i m a r y i n t e r e s t appears t o have been t h e m i l i t a r y 
p r o p e l l a n t uses o f g u n - c o t t o n = i t was s c h i e s w o l and s c hiesbaumwol 0 
' s h o o t i n g - w o o l ' and ' s h o o t i n g - c o t t o n ' from the f i r s t , , 
Schc?nbein's s h o r t announcement of h i s d i s c o v e r y , w i t h o u t r e v e a l i n g 
the a c t u a l method of p r e p a r a t i o n , was p u b l i s h e d i n P o q q e n d o r f f ' s Annalen 
f o r Play o f 1846 and i t q u i c k l y a t t r a c t e d c l a i s s f r o m o t h e r German-
s p e a k i n g c h e m i s t s t h a t they t o o had i n d e p e n d e n t l y and more or l e s s 
s i m u l t a n e o u s l y d i s c o v e r e d e x p l o s i v e n i t r o c e l l u l o s e compounds,, 
Rudolf C h r i s t i a n B o t t g e r , who was p r o f e s s o r o f c h e m i s t r y a t 
F r a n k f o r t , c l a i m e d an i n d e p e n d e n t discovery,, For some reason ScHonbein 
appears t o have acquiesced over Efdttger's c l a i m 0 I t may be t h a t Schionbein 
was under some p r e s s u r e n o t t o be seen t o q u a r r e l w i t h a f e l l o w German,, 
N e v e r t h e l e s s , he uses an i c y p r e c i s i o n i n s t a t i n g who hod d i s c o v e r e d what, 
and when, i n h i s paper which was read b e f o r e the P h i l o s o p h i c a l S o c i e t y 
and p u b l i s h e d i n t h e P h i l o s o p h i c a l Hagazine f o r Hay of 1847 (p„7)s On 
tj-ie_ D i s c o v e r y o f G u n - c o t t o n ; 
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"Our two names t h u s became a s s o c i a t e d i n the d i s c o v e r y 
of t h e substance i n question,,„0" 
And? 
"To B t f t t g e r , g u n = c o t t o n must have been p a r t i c u l a r l y 
i n t e r e s t i n g as he had p r e v i o u s l y d i s c o v e r e d an o r g a n i c a c i d 
which d e f l a g r a t e d r e a d i l y 0 0 o " 
And even more p o i n t e d l y ? 
" I p r e p a r e d g u n - c o t t o n and a p p l i e d i t t o t h e d i s c h a r g e 
of f i r e a r m s , and t h a t B o t t g e r d i d t h e same i n August,," 
A r a t h e r more d e t e r m i n e d c o m p e t i t o r , and one who, h i s d e c l a r a t i o n s 
n o t w i t h s t a n d i n g , had commercial aims, arose i n t h e person o f Doctor 
F r i e d r i c h D u l i u s 0 t t o 9 who was p r o f e s s o r o f t e c h n i c a l c h e m i s t r y a t t h e 
C o l l e g i u m C a r o l i u m a t Brunswicko O t t o announced h i s work i n the 
' HIan;•iyerian_ Gaze11a 8 o f 5 t h October 1846, from which i t was p u b l i s h e d 
i n t h e Timesj 
" E n t i r e l y i n d e p e n d e n t o f ScHonbein and BcTttger, b u t 
r e l y i n g on an o b s e r v a t i o n of Pelouze, I have succeeded i n 
p r o d u c i n g an e x p l o d i n g c o t t o n 0„„ I n o r d e r t o b r i n g the r e s u l t s 
of i m p o r t a n t d i s c o v e r i e s t o t h e h i g h e s t s t a t e of p e r f e c t i o n „»o 
i n o r d e r t h a t many persons may t u r n t h e i r a t t e n t i o n t o t h e 
s u b j e c t s I s c o r n t h e r e f o r e ^ t o s e l l or t a k e o u t a p a t e n t f o r my 
very i n t e r e s t i n g d i s c o v e r y " " " " , „ „ <> and I I now p u b l i s h i t f o r the 
g e n e r a l good of the p u b l i c o " 
O t t o ' s method of p r e p a r a t i o n r e q u i r e d t h a t the c o t t o n be dipped 
' f o r h a l f a minute i n t o h i g h l y c o n c e n t r a t e d n i t r i c a c i d ( t h e a c i d which 
I use be i n g made by t h e d i s t i l l a t i o n of 10 p a r t s of d r i e d s a l t p e t r e and 
6 o f o i l of v i t r i o l ) o ' The ( n o t o r i a l thus produced had t o bo c a r e f u l l y 
washed, and because the c o t t o n had f e l t e d t o g e t h e r i t had t o be p i c k e d 
f r e e of " k n o t t y p a r t i c l e s ' 0 
I n August of 1846 ~ f u l l y s i x months a f t e r 5ch°6nboin0 
R e p r i n t e d i n Chemical Gazette f o r 17 o10o46, p o 4 3 0 o 
The f i r s t a s t e r i s k r e f e r s t o an e d i t o r i a l comment? An5L,y_eiiy. 
i n t e r B _ s _ t i £ i d / s c j D v e r j ^ J~iR,d_ n o t _been made l o n g b e f o r e , would D r 0 
O t t o have^ _been_ the__f i r s t Aa -^JH?X8_J-i%'1 
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I n England, Thomas T a y l o r , who was Schbnbain's f r i e n d and 
c o r r e s p o n d e n t i n t h e c o u n t r y , remarked i n a l e t t e r which was p u b l i s h e d 
i n t h e C_hemical_Ga2ette_ f o r 1 7 t h October 1846 ( p 0 4 3 l ) t h a t ; 
"The process I have recommended i s of course o n l y a 
m o d i f i c a t i o n o f Dr. Otto's? i t has the advantage, however, 
of b eing much cheaper and more e a s i l y managed,, The s t r o n g 
§cid used by^him i s n o t o n l y v e r y expensive b u t i s r a r e l y t o 
be met w i t h 5 w h i l e s u l p h u r i c a c i d and common n i t r i c a c i d are 
v e r y cheap and may be p r o c u r e d anywhere,, " 
Sch°onbein h i m s e l f viewed O t t o ' s c l a i m s w i t h some apprehension,, 
I n October of 1846 he w r o t e from Stanmore, i n England, t o h i s w i f e ; 
" A c c o r d i n g t o t h e o p i n i o n of e x p e r t s the p a t e n t i s n o t 
i n danger t h r o u g h O t t o ' s a r t i c l e s . The E n g l i s h Press i s un-
animous i n c r i t i c i s i n g a l l l a t e r d i s c o v e r i e s , and s a y i n g t h a t 
i t i s d i s c r e d i t a b l e t o t h e men t o d e p r i v e mR D f ray w e l l — e a r n o d 
deserts*," 
The L e t t e r s o f JojTs_3akob B e r z e l i u s t o C h r i s t i a n 
F r i e d r i c h Schonbein, 1836 - 1847. E d i t e d by 
George li„A0 Kahlbaum ( B a s l e ) , Tr„ F r a n c i s \ i 0 
D a r b i s h i r e Ph„d, and NoVo S i d g w i c k , Pub„ W i l l i a m s 
and Norgate, London, 1900„ 
( P a r t of a f o o t n o t e ; p 0 8 9 ) 
(The names of K„ Karmash and F„ Heeren, b o t h of Hanover, and 
3.A. Knop o f L e i p z i g , appear i n t h e l i t e r a t u r e b u t no p r e c i s e d e t a i l s 
of t h e s e mens' work w i t h g u n - c o t t o n can be o f f e r e d ) , , 
The French r e a c t i o n t o t h e d i s c o v e r y of g u n - c o t t o n can be g i v e n 
most s u c c i n t l y by q u o t i n g what t h e e d i t o r of The P r a c t i c a l Mechanic and 
E n g i n e e r ' s I'lagazine f o r Hay o f 1847 ( p o 1 8 0 ) had t o say; 
"Up t o t h i s t i m e t h e r e had been l i t t l e or no a t t e n t i o n 
p a i d t o t h e m a t t e r on t h e p a r t o f t h e French c h e m i s t s , and i t 
seems t h a t the e x p e r i m e n t s o f Plr„ Groves a t Southampton, a t the 
meeting o f t h e B r i t i s h A s s o c i a t i o n , f i r s t drew the n o t i c e of the 
French t o t h i s substance,, I t was a t f i r s t deemed an i n c r e d i b l e 
Fuming n i t r i c a c i d o 
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m a t t e r among the P a r i s i a n s , and gave r i s e t o some humorous 
o b s e r v a t i o n s s b u t when t h o r e c o u l d no l o n g e r be any doubt 
upon t h a t head,and t h e c h e m i s t s of o t h e r c o u n t r i e s had made 
known t h e i r processes f o r p r e p a r i n g the c o t t o n , they t h e n took 
a l i v e l y i n t e r e s t i n t h e t h i n g a l l a t once, and they p r e t e n d e d 
t o f i n d i n t h e e x p l o s i v e an o l d French discovery,. I t i s 
n o t h i n g more, they s a i d , t h a n X y l o d i n e which Braconnet found o u t , 
and which Pelouze e x p e r i m e n t e d w i t h ? s t i l l t hey gave Schoenbein 
the m e r i t of p u t t i n g the substance i n t o the b a r r e l of a musket,, „ 0 
I t would have been o t h e r w i s e easy t o see t h a t t h e r e was 
an e s s e n t i a l d i f f e r e n c e between x y l o d i n e and g u n - c o t t o n = 
n e v e r t h e l e s s the e r r o r s u r v i v e d t h r o u g h some months,, 
I n t h e e a r l y p a r t of November l a s t (1B46) Mr. W a l t e r Crum, 
of Glasgow, p u b l i s h e d a memoir i n which he showed t h a t g u n — c o t t o n 
i s not t h e same p r o d u c t as z y l o d i n e 0<.o';'" 
The f i r s t year a f t e r Schonbein's d i s c o v e r y o f g u n - c o t t o n was a 
scrambles The m i s s i n g p i e c e which Schonbein had s u p p l i e d was t h e use 
of a m i x t u r e o f s u l p h u r i c w i t h n i t r i c a c i d , i n s t e a d o f n i t r i c a c i d alone„ 
That g i v e n , t h e r e was l i t t l e l e f t f o r o t h e r chemists t o do„ 
Gun-cotton was a German discovery,, Tlost of t h e c h e m i s t s who had 
t o do w i t h f i r s t y e a rs or so o f i t s i n t r o d u c t i o n were Germans,, I t i s 9 
t h e r e f o r e , not s u r p r i s i n g t h a t the h i s t o r y of g u n - c o t t o n s h o u l d be v e r y 
much more t h o r o u g h l y documented i n German language sources t h a n i t c o u l d 
be i n the few contemporary E n g l i s h ones which can be found,, The work 
most f r e q u e n t l y mentioned i n E n g l i s h t e x t s as a comprehensive account o f 
what o c c u r r e d between 1845 and 1847, and beyond, i s Romocki's Geschichte 
der E x p l o s i v s t o f f e 1896, i i , 107 f„ 
Gun—cotton i n _ jthe_ j j n i t e d _ Kingdom 
The F i r s t Phase (1846 r_ 1847^ 
To a t t e m p t t o f i n d s u p p o r t f o r a new i n v e n t i o n i n England, or a t 
l e a s t t o g a i n t h e w i d e - r e a c h i n g p r o t e c t i o n a f f o r d e d by B r i t i s h p a t e n t 
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l a w s , was an o b v i o u s and u r g e n t need f o r Schonbein,, He had a l r e a d y 
s e n t samples o f h i s g u n - c o t t o n t o h i s correspondents;, Farady, H e r s c h e l , 
and Grove, i n March of 1846,, 
( i t can be wondered which o f these t h r e e - i f Schonbein h i m s e l f 
was n o t = was r e s p o n s i b l e f o r c o i n i n g the E n g l i s h t e r m g u n - c o t t o n , as 
a p r o p e r t r a n s l a t i o n o f S j ; h i e _ s s ^ o l ) . 
I t was n o t , however, u n t i l August o f 1846 t h a t SchTonbein was a b l e 
t o come t o England himself,, With the h e l p of Groves i t was arra n g e d t o 
g e t Government s p o n s o r s h i p f o r a d e m o n s t r a t i o n of g u n - c o t t o n ' s m i l i t a r y 
uses a t both Woolwich and Portsmouth,, Gun-cotton was a l s o d i s c u s s e d and 
demons t r a t e d a t t h a t y e a r ' s meeting of t h e B r i t i s h A s s o c i a t i o n a t 
Southarnpton 0 
The B r i t i s h r i g h t s i n g u n - c o t t o n were secured by t h e t a k i n g out of 
B r i t i s h P a t e n t No o11407 which was g r a n t e d from 8 t h October 1846» The 
p a t e n t was e n t i t l e d , "Improvements i n t h e Manufacture of E x p l o s i v e 
Compoundso" I t had t h e a d d i t i o n a l s u b - t i t l e s "communicated t o me by 
a c e r t a i n f o r e i g n e r r e s i d i n g a b r o a d , John T a y l o r o f A d e l p h i , Middlesex,," 
The s u b - t i t l e was, i t can be supposed, necessary t o g i v e a l e g a l 
hand=hold s h o u l d 3ohn T a y l o r ' s i n t e g r i t y n o t have been a l l i t s h o u l d be,. 
For whatever r e a s o n , i t l o o k s t o have been t h o u g h t p r u d e n t t o r e g i s t e r 
g u n - c o t t o n i n a t l e a s t t h e name o f a pr o m i n e n t B r i t i s h n a t i o n a l , , Of 
a l l t h e a c q u a i n t a n c e s Schonbein had i n t h i s c o u n t r y , John T a y l o r was t h e 
one who was n o t o n l y a c o n s i d e r a b l e s c i e n t i s t but a l s o a s u c c e s s f u l 
•):-
e n t r e p r e n e u r 
The s p e c i f i c a t i o n f o r t h e p a t e n t gave d e t a i l e d d i r e c t i o n s f o r 
making gun-cottons, b u t , so f a r as can be seen, i t d i d n o t o f f e r any 
i n s t r u c t i o n s f o r m a n j j f a c t u r i n j q i t on a l a r g e s c a l e s 
* See John T a y l o r by R0 B u r t , Pub„Moreland Press, London 1977 0 
I S B N o 0 - 903 485 362„ 
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"The i n v e n t i o n c u n s i s t s o f a manufacture o f an e x p l o s i v e 
compound a p p l i c a b l e t o m i n i n g purposes, the t h r o w i n g o f 
p r o j e c t i l e s , or o t h e r w i s e as a s u b s t i t u t e f o r gunpowder ,,« 
bes t s u i t e d f o r the purpose o f the i n v e n t i o n i s c o t t o n , i n 
t h e same s t a t e i n which i t comes i n t o t h i s c o u n t r y , but c l e a n s e d 
o f any e x t r a n e o u s m a t t e r , T h e acids I employ a r e n i t r i c a c i d o f 
f r o m 1,45 t o 1,5 s p . g r , and s u l p h u r i c a c i d of 1,85 s p , g r , . . mix 
them i n the p r o p o r t i o n s of one measure of n i t r i c a c i d w i t h t h r e e 
measures of the s u l p h u r i c , i n a c o n v e n i e n t v e s s e l o f earthenware 
... g r e a t heat w i l l be produced. The m i x t u r e s h o u l d be a l l o w e d 
t o c o o l u n t i l a t e m p e r a t u r e o f 50° t o 60°F (10°C - 15,5°C) i s reached. 
The c o t t o n s h o u l d t h e n be immersed i n t h e a c i d s the a c i d s are 
t h e n t o be pressed or drawn o f f i s n e x t t o bo covered and 
l e f t t o s t a n d f o r about an h o u r , . , " 
( O t h e r washing, p r e s s i n g s , and a f i n a l d r y i n g a r e p r e s c r i b e d ) , 
" I t s h o u l d n e x t be immersed and w e l l s t i r r e d i n a weak 
s o l u t i o n o f p o t a s s i u m n i t r a t e , 1 oz, t o 1 g a l l , ( i s 160 cc )„ 
The use of t h i s s o l u t i o n appears t o add s t r e n g t h t o t h e compound 
i t i s n o t e s s e n t i a l and may be dispensed w i t h «,." 
( F u r t h e r washings and p r e s s i n g s , and a f i n a l s t o v i n g ) 
I do n o t r e s t r i c t t h e i n v e n t i o n t o the use o f c o t t o n , , , " 
B l a s t i n g w i t h g u n - c o t t o n was f i r s t t r i e d o u t i n t h i s c o u n t r y i n 
C o r n w a l l , A l t h o u g h Schonbein was p r e s e n t , t h e business l o o k s t o have 
been a r r a n g e d by 3ohn T a y l o r , 
"The f i r s t p l a c e where i t was t r i e d was i n a g r a n i t e q u a r r y 
a t Spargo, near Penryn, where t h e P r o f e s s o r (Schonbein) and h i m s e l f 
(Dohn T a y l o r ) were accompanied by ,,, and s e v e r a l o t h o r gentlemen 
b e s i d e s Fir, Hoskins t h e owner of tho q u a r r y , and some o t h e r people 
o f t h a t c l a s s . The s u r p r i s e and i n c r e d u l i t y of t h e workmen on t h a t 
o c c a s i o n were very g r e a t , When he (Dohn T a y l o r ) charged a hole 
w i t h c o t t o n , t h e y t h o u g h t he was d o i n g a very absurd t h i n g , and one 
o f them o f f e r e d t o s i t on the h o l e f o r a p i n t of beer. Two h o l e s 
were s e l e c t e d by t h e quarrymen, o f which he had t h e c h o i c e of one, 
which he charged w i t h a p roper q u a n t i t y o f gunpowder. The o t h e r 
h o l e was t h e n charged w i t h a q u a r t e r p a r t o f t h a t w e i g h t of c o t t o n . 
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The h o l e charged w i t h powder was f i r e d and produced i t s e f f e c t s 
c o m p l e t e l y . The o t h e r h o l e was then f i r e d , and t o t h e a s t o n i s h m e n t 
of the workmen, t o r e t h e r o c k i n t o a number o f f r a g m e n t s . I t d i d 
more than r e q u i r e d , t h e charge being a l t o g e t h e r too g r e a t ,,," 
Chemical Gazejtte 
1 7 t h 0 c t o b e r " T 8 4 7 9 p o430. 
Other t r i a l s were c a r r i e d o u t near Penryn t o demonstrate t h e 
r e l a t i v e l y smokeless q u a l i t i e s of g u n - c o t t o n . 
The r i g h t t o manufacture g u n - c o t t o n was l e a s e d t o t h e f i r m of 
Messrs, Dohn H a l l & Sons o f Faversham, For a thousand pounds s t e r l i n g 
down payment and a promise of a t h i r d of t h e p r o f i t s t o Schfdnbein, H a l l 
& Sons became the s o l e U n i t e d Kingdom m a n u f a c t u r e r s . The commercial 
p o t e n t i a l o f f e r e d by g u n - c o t t o n must have s t r u c k the H a l l s as v i r t u a l l y 
l i m i t l e s s . The f i r m was a l r e a d y w e l l e s t a b l i s h e d i n t h e b l a c k gunpowder 
t r a d e 0 T h i s meant t h a t t h e o r g a n i s a t i o n f o r d i s t r i b u t i n g g u n — c o t t o n 
was a l r e a d y e s t a b l i s h e d and, above a l l , t he most l i k e l y customers were 
known. There i s a sense i n which t h e f i r m would have been i n c o m p e t i t i o n 
w i t h i t s e l f f o r i t s own m a r k e t s ; but then i t would a l s o have been i n com-
p e t i t i o n even more s h a r p l y w i t h o t h e r makers of gunpowder, and i n 1846 
these were numerous. 
The s i m p l e n a t u r e of t h e process must have made i t an easy t a r g e t 
f o r i n f r i n g e m e n t , Messrs, H a l l & Sons may w e l l have needed t o d e c l a r e 
t h e i r d e t e r m i n a t i o n t o f i g h t any encroachment; 
"Persons d e t e c t e d i n making, u s i n g , or vending any i m i t a t i o n 
o f t he p a t e n t a r t i c l e , w i l l be proceeded a g a i n s t on a l l o c c a s i o n s , 
Dohn H a l l & Sons, Patentees o f P r o f e s s o r ScKonbein's Guncotton f o r 
England, S c o t l a n d , I r e l a n d and the B r i t i s h C o l o n i e s , " 
A d v e r t i s e m e n t i n t h e E_nq 1 i s h Me c h a n i c 
f o r November 1846 
No i n f o r m a t i o n a t a l l can be o f f e r e d t o show a n y t h i n g o f how 
Messrs, H a l l and Sons went about p u t t i n g Scftonbein's g u n - c o t t o n i n t o 
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commercial p r o d u c t i o n , , S e t t i n g up a g u n - c o t t o n f a c t o r y must have 
r e q u i r e d o n l y a f r a c t i o n of the i n v e s t m e n t needed t o s e t up a gun-
powder m i l l s t h e r e was v i r t u a l l y no machinery needed c The making o f 
g u n - c o t t o n r e q u i r e d o n l y t h a t t he hanks o f c o t t o n be dipped i n the mixed 
a c i d s and t h e n t h o r o u g h l y washed and d r i e d c a r e f u l l y s e v e r a l times,, The 
main o u t l a y would p r o b a b l y have been f o r a c i d = p r o o f v a t s of some k i n d , 
and f o r s t o v e s which were s a f e t o u s e 0 The work l o o k s t o have been 
l a b o u r i n t e n s i v e , , Tho f i r m appears t o have g o t i n t o p r o d u c t i o n very 
q u i c k l y i n d e e d by modern standards,, 
By October of 1846 the p r i c e o f g u n - c o t t o n had a t t r a c t e d an adverse 
comparison i n t h e Press? 
"QJith r e g a r d t o t h e c o s t o f g u n - c o t t o n , a c o r r e s p o n d e n t o f 
the M i n i n g J o u r n a l says = 
The p r i c e of gunpowder over the whole o f England, ranges a t 4 0 s o 
per b a r r e l , of 100 l b s c (45„4 Kg 0) or 4 f d per pound,, The l o w e s t 
p r i c e of c o t t o n a t L i v e r p o o l p r i c e c u r r e n t i s S u r a t - t h e p r i c e 
o f which i s 6-^ d per l b o Cost of m a n u f a c t u r i n g , I c a l c u l a t e , 
N i t r i c A c i d a t <,<,<, o l s 0 per l b o 
S u l p h u r i c A c i d a t „„„» 2d„ per lb„ 
C o t t o n t a k e s up and h o l d s , when s a t u r a t e d a f t e r p r e s s u r e , i t s own 
w e i g h t o f waters t h e r e f o r e , 1 l b . of c o t t o n w i l l h o l d = 1„000 
n i t r i c a c i d , 06158 s u l p h u r i c a c i d = 1 06185 = l s . l - J d = 0o6-^d c o t t o n 
4- 0„u^d •= say, n e a r l y 30%, i n l a b o u r , l o s s , and charges •= 2s„2d 0 
per l b o f o r g u n - c o t t o n 0«„" 
H j j i i n g _ j o u r n a l , October 1846 
R e p r i n t e d ? Prac tip a 1 Mechanic .and_ 
E n g i n e e r ' s_Jj££ajine_ 
December 1846, p 019 
The same a r t i c l e q u e s t i o n s the advantages o f f e r e d by g u n - c o t t o n 
over gunpowder (and u n s u s p e c t i n g l y h i n t s a t t h e cause o f the d i s a s t e r 
t o come)s 
"The e s t i m a t e d e f f e c t i s s a i d t o be t w i c e t h a t , by w e i g h t , 
of gunpowder - say, t h e r e f o r e , l s . l d t o do t h e work o f powder,, 
How can, t h e r e f o r e , g u n - c o t t o n compete w i t h powder, a t 4-Jd per 
l b 0 ? A g a i n , -4- lb„ o c c u p i e s about 8 c u b i c inches,. I n my 
e x p e r i m e n t s I f i n d a t a t e m p e r a t u r e of 130°, t h e g u n - c o t t o n 
explodes s p o n t a n e o u s l y - t h i s I d i s c o v e r e d i n the process of 
d r y i n g it 0*«" 
Adverse p u b l i c i t y or none, t h e s a l e s p r o m o t i o n o f g u n = c o t t o n was 
f o r t h r i g h t and w i t h o u t p r e t e n t i o n , , The makers had a l s o a n t i c i p a t e d a 
p r o b a b l e o b j e c t i o n by t h e users and t a k e n c a r e to make up the e x p l o s i v e 
i n t o a comprehensive a r r a y of c h a r g e — s i z e s ; 
''To mine and c o l l i e r y _ j r _ o p r i e j : j ^ r _ s J ^ _ s j . a j t e _ q u a r r y owners, 
r^aij.way_ c o n t r a c t o r s , i r o n m o n g e r s , d e a l e r s i n gunpowder^_anj_oj^hers 0 
Messrs, John H a l l & Son, the p a t e n t e e s and s o l e 
m a n u f a c t u r e r s of Sclfdnbein's p a t e n t g u n - c o t t o n , r e s p e c t f u l l y 
s t a t e t h a t they are now p r e p a r e d t o s u p p l y the p a t e n t gun-
c o t t o n (compressed f o r convenience of c a r r i a g e ) , i n round and 
square paper cases of f o u r ounces (113 grams) each packed i n 
boxes c o n t a i n i n g 50 and 100 cases each, at the p r i c e of t h r e e 
s h i l l i n g s per pound, f o r ready money 0 And a l s o i n tubes or 
c a r t r i d g e s of 1„ l . l / 8 t h , 1-j, l ^ " , i n c h e s (2„54 cm., 3 cm., 3.2 cm 0, 
4 cm.) i n d i a m e t e r , c o n t a i n i n g 2, 4, 6 and 8 ounces (56 grams, 
.112 grams, 168 grams, 336 grams) each, a t an a d d i t i o n a l charge o f 
1 , 1-2", 2, and 2-§- pence, each tube or c a r t r i d g e , , For b l a s t i n g i n 
s l a t e q u a r r i e s , paper tubes w i l l be s u p p l i e d t h r e e f e e t i n l e n g t h , 
c o n t a i n i n g one ounce (28 grams) o f the p a t e n t g u n c o t t o n per f o o t 0 
Four ounces (112 grams) o f g u n c o t t o n are equ a l i n power t o 24 
ounces (672 grams) of b l a s t i n g gunpowder 0 0 0 " 
Historical Papers on Modern Explosives^ 
by George WD Macdonald, MoSc„ ( M e l b 0 ) 
Pub,,, U h i t t a k e r & Co„, London, 1912, p<,53„ 
As i t s t o o d , g u n - c o t t o n was too p o w e r f u l , too s h a t t e r i n g i n i t s 
"Sometimes Messrs. H a l l & Son? sometimes Messrs. H a l l & Sons,, 
T h i s may of course show a r e a l i n c r e a s e i n the fam i l y , , 
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e f f e c t , f o r b r i n g i n g down m a t e r i a l s such as s l a t e which had t o be 
used i n l a r g e pieces., What was b e i n g o f f e r e d i n the paper tubes was 
g u n - c o t t o n teased o u t t o occupy a l a r g e volume,, T h i s t e c h n i q u e was 
l a t e r used by a r t i l l e r i s t s t o reduce the s t r e s s o f g u n - c o t t o n on the 
b a r r e l s o f t h e i r guns„ The use o f tubes was i n any case a b s o l u t e l y 
necessary t o p r e v e n t t h e l o n g f i b r e s o f the e a r l y f o r m o f g u n - c o t t o n 
f r o m ' b i n d i n g ' on t h e jagged edges o f shot-holes,, T h i s d i s a d v a n t a g e 
i n g u n - c o t t o n has t o be s e t a g a i n s t t h e advantage — o f t e n c i t e d — t h a t 
i t c o u l d n o t be c a r e l e s s l y s p i l l e d about as gunpowder o f t e n was. 
An e n t i r e l y new fo r m of e x p l o s i v e c a l l e d f o r v e r y s p e c i f i c 
i n s t r u c t i o n s f o r i t s u se 0 Messrs. H a l l and Son gave the buyer and user 
of t h e i r g u n - c o t t o n b l a s t i n g charges c l e a r and d e t a i l e d d i r e c t i o n s . 
There was, however, l i t t l e which was new t o men used t o b l a s t i n g w i t h 
gunpowder % 
" I t i s recommended t h a t s a f e t y f u s e be used, and i n s e r t e d 
i n t o t h e c a r t r i d g e t o t h e e x t e n t of about two i n c h e s (5 cm,), and 
t i e d f a s t t o t h e neck of t h e c a r t r i d g e w i t h a p i e c e of s t r i n g . 
There i s a b l a c k d o t a t one end of t h e c a r t r i d g e t o show where t h e 
f u s e i s t o be i n s e r t e d . 
The h o l e t o be tamped s h o u l d be made s u f f i c i e n t l y l a r g e i n 
d i a m e t e r , t h a t the c a r t r i d g e may reach t h e bottom w i t h o u t t h R r e 
b e i n g any o c c a s i o n t o f o r c e t h e same down. The h o l e s h o u l d be made 
as d r y as p o s s i b l e b e f o r e the c a r t r i d g e i s i n s e r t e d . When t h e 
c a r t r i d g e i s down t o the bottom of the h o l e , p u t i n t o the h o l e a 
h a n d f u l o f d r y sand or c l a y , so as t o cover the t o p o f t h e c a r t r i d g e 
t o a depth of about one or two in c h e s (2,54 cm -= 5 cm.), then proceed 
t o ram or stem down, p r e c i s e l y as i n t h e case o f b l a s t i n g w i t h gun-
powder, the fuse b e i n g c u t 0 0 0 Where t h e r e i s an a b s o l u t e n e c e s s i t y 
f o r u s i n g g u n - c o t t o n i n a lo o s e s t a t e , a wooden rammer o n l y s h o u l d 
be used <,<>,," 
H i s t o r i c a l Papers on Modern E x p l o s i v e s 
by George W„ Flacdonald M.Sc. (Melb.)s 
Pub. W h i t t a k e r and Co,, London, 1912, p.52-53. 
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The immediate c o n c l u s i o n which the above d e s c r i p t i o n f o r c e s i s 
t h a t t h e use o f g u n - c o t t o n i n b l a s t i n g w i t h o u t the a i d o f mercury 
f u l m i n a t e b l a s t i n g caps r e q u i r e d v e r y much more care t o be t a k e n i n 
the p l a c i n g and i g n i t i n g of the charge,, M i s f i r e s must have been 
f r e q u e n t . I t can be i magined t h a t g u n - c o t t o n may n o t have been as 
r e l i a b l e as gunpowder i n t h i s r e s p e c t . 
On the 14th Duly 1847 the Faversham g u n - c o t t o n f a c t o r y o f Messrs-
Dohn H a l l & Sons blew up, w i t h a l o s s of twenty-one l i v e s . The p l a n t 
was wrecked e n t i r e l y , 
Dohn H a l l w r o t e t o Schonbein a few weeks l a t e r o u t l i n i n g the 
s i t u a t i o n . The human t r a g e d y i s w e l l documented i n contemporary 
newspapers, so i t w i l l n o t be t r e a t e d here? but the t e c h n i c a l and 
commercial i m p l i c a t i o n s which Dohn H a l l o u t l i n e s , a f t e r g i v i n g h i s own 
a c c o u n t o f the a c c i d e n t , i s r e v e a l i n g , 
"we b e l i e v e t h a t arrangements t h a t have been matured a f t e r 
many months of p a i n f u l and hazardous p e r s o n a l a t t e n t i o n , on the 
p a r t of our Mr, W i l l i a m H a l l , worked out by p r a c t i c a l and growing 
e x p e r i e n c e a c q u i r e d by i n c e s s a n t a p p l i c a t i o n , f o r i t must be 
remembered t h a t any s m a l l essays of i l l u s t r a t i n g t h e mode of 
p r e p a r i n g , s t o v i n g and p a c k i n g were p e r f e c t l y f u t i l e , when a p p l i e d 
t o t h e p r o d u c t i o n o f the a r t i c l e i n l a r g e q u a n t i t i e s , where the 
c o n t r o l of t e m p e r a t u r e and the d i f f i c u l t y t h e men have i n s u s t a i n i n g 
r e s p i r a t i o n w i t h t h e d r y i n g and p a c k i n g are b r o u g h t i n t o ( w i t h o u t 
s p e c i a l d i r e c t i o n s f o r l a r g e o p e r a t i o n s ) , are m a t t e r s t o which we 
must say we a r e i n d e b t e d t o our own e x p e r i e n c e and are a l l 
c o n t i n g e n c i e s we have worked o u t , and what we b e l i e v e no house but 
o u r s e l v e s would have had t h e courage t o e n c o u n t e r , b u t which have 
been t h w a r t e d w i t h t h e d e s t r u c t i o n of l i f e and' p r o p e r t y d i s t r e s s i n g 
t o c o n t e m p l a t e 
^Letter^ J^rjnn J3o_hn_ Ha1 l ^ t J ^ r o f essor_ 5_cJi°onbein, 
London, 23 Lombard S t , , August 1847, 
(From l e t t e r s i n the p o s s e s s i o n o f Mr, C,L0 
Watson-Smith of Faversham), R e p r i n t e d i n 
His t o r i c al_ Papers i n _Mod er_n_E x p 1 o s i v es^ by 
George W, Macdonald M,Sc, ( M e l b , ) , Pub, 
W h i t c a k e r and Co,, London 1912, p„49 0 
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Tho cause of the a c c i d e n t i s now beyond any p r o o f , b u t John H a l l 
g i v e s t h e broad a t t e n d a n t and c o n t r i b u t i n g c i r c u m s t a n c e s h i m s e l f o With 
a p a t e n t which was l e g a l l y s t r o n g b u t which was a l s o t e c h n o l o g i c a l l y 
e x t r e m e l y v u l n e r a b l e t h e r e had been every p r e s s u r e t o g e t i n t o p r o d u c t i o n 
as q u i c k l y as p o s s i b l e 0 H a l l s rushed i n t o p r o d u c t i o n b e f o r e g u n - c o t t o n 
had even been p r o p e r l y a n a l y s e d . No-one connected w i t h t h e e x p l o s i v e 
c o u l d have had any e x p e r i e n c e a t a l l of the e x p l o s i v o o u t s i d e o f t h e 
l a b o r a t o r y . The men who were a c t u a l l y s t e e p i n g raw c o t t o n i n t o mixed 
a c i d s are u n l i k e l y t o have had even t h a t . Gun-cotton making must have 
appeared t o be a much s a f e r o p e r a t i o n than the manufacture of gunpowder <, 
At the i n q u e s t H a l l s pleaded t h a t s a f e t y measures were o r d e r e d •= i t i s 
an i r o n y t h a t these p r e c a u t i o n s , even had they been c a r r i e d o u t , were 
those a p p r o p r i a t e t o a gunpowder f a c t o r y . 
Some i d e a of t h e s o r t of work regimen o p e r a t i n g a t H a l l ' s f a c t o r y 
i n 1847 can be gained f r o m a s h o r t passage ta k e n from an a r t i c l e 
r e p o r t i n g upon the Coroner's e n q u i r y i n t o t he Faversham e x p l o s i o n ; 
"A sad f a t a l i t y a t t e n d e d one boys t h e l a d s a r e employed 
a l t e r n a t i v e l y i n o u t and i n d o o r work, and t h i s boy was t h a t 
morning p l a c e d t o scare b i r d s f r o m a p i e c e of w h e a t j but the 
o v e r s e e r had caught him a s l e e p a few minutes b e f o r e the a c c i d e n t , 
s e n t him t o t h e s t o v e , and t h u s he f e l l v i c t i m t o h i s d r o w s i n e s s . " 
The P r a c t i c a l Medhanic and Eng i n e a r s 
Magazine, September 1847, ( p , 2 E T ) , 
That t h n employment of y o u n g s t e r s i n any dangerous process i s 
f o o l h a r d y goes w i t h o u t s a y i n g = though i t was e n t i r e l y u s u a l i n 1847, 
The reason f o r t h e a l t e r n a t i v e employment i s found i n 3ohn H a l l ' s l e t t e r 
t o Schb°nbein, c i t e d above; 'the d i f f i c u l t y t h e men have i n s u s t a i n i n g 
r e s p i r a t i o n i n t h e d r y i n g and p a c k i n g , " A y o u n g s t e r was, e^verj__tj2gn.s> 
n o t expected t o endure more t h a n f i v e or s i x hours o f the h u m i d i t y and 
t e m p e r a t u r e around 'the s t o v e ' 0 
-170" 
TUJO r e l a t e d causes can bo suggested f o r t h e Faversham e x p l o s i o n . 
The f i r s t i s the s i m p l e one, T i r e d , h e a t — e x h a u s t e d s men become almost 
u n w i t t i n g l y c a r e l e s s , and sometimes even p e r v e r s e l y c a r e l e s s . Someone 
a l l o w e d a hank or a p a r t of a hank, a k n o t t e d p i e c e , t o r e t a i n enough 
a c i d to cause decomposition,, The second p o s s i b l e cause i s t h a t t h e 
i n i _ t i a t j . o n of the e x p l o s i o n was a f i r e which was spontaneous,, I n t h e 
presence of d r o p l e t s of t h e n i t r a t i n g a c i d i n the a i r , and a l s o of a i r -
borne c o t t o n f i b r e s , the f a c t o r y may have been w e l l dusted w i t h impure 
nitro-cellulose„ 
3ohn H a l l c o n t i n u e s h i s l e t t e r t o Schonbein, coming i n e v i t a b l y t o 
the f i n a n c i a l i m p l i c a t i o n s o f the explosion,, No advanced t e c h n o l o g y 
can d e v e l o p f a r w i t h o u t b u s i n e s s c o n f i d e n c e behind it„ Schonbein was 
b e i n g reminded t h a t he was a p a r t n e r i n the e n t e r p r i s e and had c e r t a i n 
d e f i n i t e p e r s o n a l l i a b i l i t i e s himself,, 
" T h i s c a l a m i t y „ „ „ has e x c e e d i n g l y embarrassed our p o s i t i o n 
and has p l a c e d us i n t h e s i t u a t i o n o f s u b m i t t i n g t o you the f i r s t 
moment we c o u l d g e t i n t h e a c c o u n t s , a balance sheet showing t h e 
l o s s and t h e d i v i s i b l e t h i r d , which we pl a c e t o your d e b i t , i n 
t h i s p a i n f u l m a t t e r „o« you w i l l 0 o o r e c o g n i s e what i s t h e f e e l i n g 
o f s c i e n t i f i c men r e g a r d i n g t h e manufacture o f the a r t i c l e on a 
l a r g e scale,, We had made p r e p a r a t i o n s and p r o v i d e d machinery t o 
produce the a r t i c l e i n l a r g e q u a n t i t i e s , b u t a l l s c i e n t i f i c men 
agree t h a t i t s p r i n c i p l e s a r e n o t even y e t u n d e r s t o o d , no p a r t y 
can produce i t w i t h o u t a l l t h e se c o n t i n g e n c i e s „ „ o the most 
d e t e r m i n e d o p p o s i t i o n o f p u b l i c f e o l i n g , p r e v e n t e d us g e t t i n g i t 
about tho c o u n t r y , u t t e r l y p r e c l u d i n g any p o s s i b i l i t y o f our 
c o n c e n t r a t i n g any q u a n t i t y i n any magazines < , o o " 
The Faversham e x p l o s i o n gave r i s e t o a s e r i o u s l e g a l and t r a n s p o r t 
problem,, Since t h e Faversham f a c t o r y had been i n o p e r a t i o n f o r about 
n i n e months, i t can be assumed t h a t t h e r e were q u a n t i t i e s of e x p l o s i v e 
i n t r a n s i t and i n s t o r e a l l over t h e country,, Suddenly g u n - c o t t o n had 
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become h i g h l y suspect,, Not even i n those a p p a r e n t l y c a l l o u s days 
c o u l d anyone be f o r c e d t o handle something which m i g h t have meant 
c e r t a i n d e ath the n e x t i n s t a n t , , Nor c o u l d any Railway Company be 
asked t o endanger i t s r o l l i n g s t o c k and i t s employees by r e t u r n i n g 
the g u n ~ c o t t o n t o t h e makers,, Gun-=cotton s t o c k s oould n e i t h e r be l e f t 
where t h e y were nor r e t u r n e d t o Faversham,, And s i n c e t h e goods were 
no t as a d v e r t i s e d t h e r e would be l i k e l y t o have been many demands f o r 
a r e f u n d of purhcase price,, 
How Messrs., H a l l and Sons overcame these problems i s n o t known,, 
Some boxes of g u n ~ c o t t o n a t l e a s t , f r o m t h e s t o c k s h e l d a t the Faversham 
s i t e , were b u r i e d i n t h e ground and s t a y e d t h e r e f o r some s i x t e e n y ears 
w i t h o u t e x p l o d i n g 0 I t i s p o s s i b l e t h a t most, > ( i f n o t a l l ) ,of the 
e x p l o s i v e made and s o l d d u r i n g the o p e r a t i o n of H a l l ' s f a c t o r y was 
e n t i r e l y stable,, 
John H a l l goes on i n h i s l e t t e r t o d e c l a r e the o r i g i n a l agreement 
w i t h Schonbein t o be v o i d j t o a r r o g a t e t o h i m s e l f any f u t u r e d i s p o s i t i o n 
of g u n - c o t t o n manufacture whatsoever,, He does, however, u n d e r t a k e t o 
pay Schonbein a t w e n t y - f i v e per c e n t r o y a l t y of any f u t u r e p r o f i t s - i f any„ 
Towards the end o f the l e t t e r John H a l l a l l o w s the s l i g h t e s t t i n g e 
of r e c r i m i n a t i o n t o e n t e r i n t o t h e correspondence; 
" o o o f o r we must c o n f e s s t o you t h a t we s h o u l d never have 
e n t e r e d i n t o any agreement or had a n y t h i n g t o do w i t h the m a t t e r 
had we n o t r e l i e d upon your express d e c l a r a t i o n t h a t t h e gun= 
c o t t o n c o u l d be made f o r tenp_ence s b i r 1 i n p e r pound 9 a p r i c e 
assumed on f a l l a c i o u s d a t a o t „ " 
L e t t e r f r o m John H a l l t o P r o f e s s o r Schonbein, 
London, 23 Lombard St„, August 1847 
(See above) 
What Schonbein's r e p l y t o John H a l l ' s l e t t e r was i s n o t known,, 
That he was p r o f o u n d l y a f f e c t e d by t h e l o s s of l i f e i s c l e a r i n a l e t t e r 
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which he w r o t e t o t h e Reverend D 0 A 0 Barron f r o m Basle on t h e 22nd 
October 1847 0 Hore i m p o r t a n t t o p r e s e n t purposes i s t h a t he a l s o 
expressed h i s o p i n i o n on t h e p r o b a b l e causes of the e x p l o s i o n ; 
"Fly o p i n i o n i s t h a t t h e e x p l o s i o n took p l a c e i n consequence 
of some i n a d v e r t e n c e or o t h e r h a v i n g o c c u r r e d d u r i n g the o p e r a t i o n 
o f d r y i n g the c o t t o n 0 I n o t h e r t e r m s , I t h i n k i t v e r y l i k e l y t h a t 
some p o r t i o n of g u n - c o t t o n was exposed t o a degree o f heat a t which 
t h e substance was s e t on f i r e 0 Not knowing a t a l l t h e manner i n 
which the g u n ~ c o t t o n was d r i e d a t Faversham 0oo I f e e l q u i t e con= 
f i d e n t t h a t the p r e p a r a t i o n o f the a r t i c l e i s n o t connected w i t h 
danger i f the process o f d r y i n g be c a r r i e d on i n a p r o p e r manner, 
i 0 e 0 by a c u r r e n t of a i r m o d e r a t e l y heated 0„=" 
I t can be s a i d f o r Sch°dnbein t h a t he had f r o m t h e b e g i n n i n g had 
m i s g i v i n g s about t h e whole e n t e r p r i s e He was a s c i e n t i s t and n o t a t 
ease i n a f f a i r s of business,. He had expressed h i s f e e l i n g s t o h i s w i f e 
when he wrote t o her f r o m London on t h e 2nd Septemter 1846 0 
"Perhaps I may make something of i t i f I do n o t l o s e 
p a t i e n c e , but t h i s i s n o t e a s y 0 I n c e r t a i n r e s p e c t s i t i s 
a l m o s t a m i s t a k e t o have made an i m p o r t a n t p r a c t i c a l d i s c o v e r y ; 
i t c o m p l e t e l y d e s t r o y s one's peace of mindo Faraday and Groves 
t o l d me the same t h i n g s t h e y c o n t i n u a l l y s t o o d i n f e a r of coming 
across something which would b r i n g them i n c o n t a c t w i t h the 
p r a c t i c a l w o r l d , as I have done 0oo" 
The_ L e t t e r o f Jons Jakob B e r z e l i u s and 
P J H ? i s J ' i a n F r i e d r e i c h 5jgji°qnbe_in ( J U p S g ^ B A T X 
E d i t e d by Georg W<,Ao Kahlbaum? t r 0 
F r a n c i s U» D a r b i s h i r e and l\)„Uo S i d g w i c k , 
Pubo W i l l i a m & IMorgate, London 1900 ( p a r t 
of a f o o t n o t e ) , PoB9 0 
(The Faversharn e x p l o s i o n was f o l l o w e d by even more d i s a s t e r o u s 
a c c i d e n t s a t t h e French Government f a c t o r i e s a t Uincennos and Boucheto 
So f a r as l a r g e s c a l e manufacture o f g u n ~ c o t t o n f o r use as an e x p l o s i v e 
The Reverend Barron may have beon t h e t r a n s l a t o r o f Schonbein's 
correspondence w i t h H a l l 5 he may a l s o have been the commercial 
agent f o r both p a r t i e s , someone who u n d e r t o o k the c a l c u l a t i o n of 
the r o y a l t i e s , and so orio L e t t e r s appear t o have gone t o Barron 
a t B e r l i n b e f o r e b e i n g passed on t o Sc:h°dnbein a t Basle„ 
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was concerned the development o f g u n - c o t t o n was v i r t u a l l y suspended i n 
bo t h France and the U n i t e d Kingdom f o r about f i f t e e n y e a r s . 
The d i s c r e d i t i n g of g u n - c o t t o n b l i g h t e d f o r a l m o s t a c e n t u r y 
a f t e r w a r d s a n o t h e r a p p l i c a t i o n which might w e l l have advanced a 
t e c h n o l o g y v e r y c l o s e l y r e l a t e d t o t h a t of b l a s t i n g e x p l o s i v e s , , I n a 
d i s c u s s i o n of the Coroner's f i n d i n g s on the Faveisham e x p l o s i o n , t h e r e 
appears i n The P r a c t i c a l Mechanic and Engineer's Magazine f o r September 
1847 ( p 0 2 6 7 ) t h e f o l l o w i n g ? 
" I t w i l l be remembered t h a t , about t h r e e weeks ago s i n c e , 
a s i m i l a r e x p l o s i o n o f g u n - c o t t o n o c c u r r e d a t t h e r o c k e t 
m a n u f a c t o r y of Messrs- Wade a t Ulest Ham„ They were e n d e a v o u r i n g 
t o c o n s t r u c t a r o c k e t o f g u n - c o t t o n which s h o u l d e q u a l a 12 l b D 
( 3 1 !<g„) congreve 0»° ( i . e . a r o c k e t o f Cungreve's design)„ 
At l e a s t one f i r m was pr e p a r e d t o ta k e the r i s k of w o r k i n g w i t h 
g u n - c o t t o n f u l l y a month a f t e r t h e Faversham e x p l o s i o n 0 
Other a p p l i c a t i o n s f o r g u n - c o t t o n i n s o l u t i o n were fo u n d a f t e r 
1847 " so i t can be assumed t h a t s m a l l q u a n t i t i e s were being made. 
The Che_mical_Gaze_tte f o r October 1848 d e s c r i b e s ' P r e p a r a t i o n of C o l l o d i o n , 
or s o l u t i o n o f g u n — c o t t o n , as an adhesi v e m a t e r i a l f o r S u r g i c a l Purposes, 
an i n v e n t i o n o f M0 Maligna which was a l s o made by flaynard who used 
n i t r a t e o f potash and s t r o n g s u l p h u r i c acid„ F 0A 0 Nobel i s o f t e n 
c r e d i t e d w i t h t h i s i n v e n t i o n i n p o p u l a r w o r k s 0 Gun«=cotton was a l s o 
used as a medium f o r h o l d i n g t h e s i l v e r i n g o f m i r r o r s ) 0 
Gun-cotton i n I n d i a 
Mews of t h e new e x p l o s i v e spread t o I n d i a a l m o s t a?..rapidly as the 
sea passage would a l l o w 0 At t h a t t i m e much o f I n d i a was s t i l l under the 
r u l e o f t h e Honourable East I n d i a Company,, 'Dohn Company' was the 
Government of many of the p r o v i n c e s under i t s c o n t r o l and as a Government 
i t m a i n t a i n e d s e v e r a l l a r g e Armies^ a Navy, and c a r r i e d on a l l manner o f 
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p u b l i c workSo I n d i a was where a g r e a t d e a l of B r i t i s h t e c h n o l o g y was 
e x 8 r c _ i s e d . For many purposes i t was an e x t e n s i o n of t h e U n i t e d Kingdom,, 
B r i t i s h I n d i a n s o c i e t y was as e x c i t e d about the d i s c o v e r y of g u n ~ c o t t o n 
as were t h e people a t home 0 I n many ways g u n - c o t t o n was of more d i r e c t 
i n t e r e s t i n I n d i a 0 Most of the educated Europeans i n I n d i a wero O f f i c e r s 
i n t h e Company's forces„ The b e s i e g i n g of f o r t s and w a l l e d towns was 
v e r y much a p a r t of s o l d i e r i n g i n I n d i a t h e n , and much l a t e r , , But t h e r e 
was a l s o a proper s c i e n t i f i c i n t e r e s t , , Learned s o c i e t i e s , such as t h e 
C a l c u t t a M e d i c a l and P h y s i c a l S o c i e t y , was one of t h e e x t e n s i o n s of 
B r i t i s h l i f e which t h r i v e d i n I n d i a 0 
I t i s p a r t i c u l a r l y i n t e r e s t i n g t o note t h a t t h s f i r s t samples o f 
g u n - c o t t o n a r r i v e d i n p r i v a t e l e t t e r s , , The P r e s i d e n t of the H.E.I.C, 
S i r Damns Hogg, had been p r e s e n t a t the B r i t i s h Government sponsored 
t r i a l s of g u n - c o t t o n a t Faversham d u r i n g October o f 1846, but a s m a l l 
sample had a l r e a d y been s e n t t o C a l c u t t a i n t i m e t o a r r i v e d u r i n g December 
of 1846 0 The one g r a i n sample was a n a l y s e d and q u i c k l y r e p l i c a t e d by 
Dr„ W i l l i a m Brooke 0'Shaughnessy 0 
A second sample, c l a i m e d as the f i r s t t o a r r i v e i n I n d i a , a r r i v e d 
a t Bangalore i n January 1847„ 
( i t would be n e i t h e r s e n s i b l e nor p a r t i c u l a r l y u s e f u l t o a t t e m p t 
t o say which was r e a l l y f i r s t t o a r r i v e , , Bangalore was i n the Radras 
P r e s i d e n c y and more t h a n 300 k i l o m e t e r s up country,, C a l c u t t a was 1600 
k i l o m e t e r s f u r t h e r away fr o m the U n i t e d Kingdom but was a d i r e c t sea 
route,, They are i n e f f e c t c i t i e s i n d i f f e r e n t c o u n t r i e s w i t h i n t h e same 
c o n t i n e n t ) 0 
The c i r c u m s t a n c e s under which t h e Bangalore sample a r r i v e d were 
r e c o r d e d i n a l e t t e r which was p u b l i s h e d ? 
"Gorman Fi e l , S i r W i l l i a m Prooke 0'Shauqhnossys Pioneer Chemist i n a 
C o x o n i a l E n v i r onment, American_ 3(mrnal o f S_choo1_ Chemis^tr_y, Uo 1 046, 
N0V2./ Kob„19r:9, p„101 o ' 
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"The F i r s t A r r i v a l of Gun~cot_ton_ip I n d i a 
A f r i e n d i n England h a v i n g s e n t o u t a s m a l l p o r t i o n of 
Gun-cotton p r e p a r e d by Hr,, H o r s l e y , c h e m i s t , Ryde, I s l e o f 
Wight, i t a r r i v e d a t Bangalore l a s t J a n u a r y , and i t became the 
u n i v e r s a l t o p i c of c o n v e r s a t i o n , , The modicum o f c o t t o n was care= 
f u l l y p r e s e r v e d and produced a t t h e General's t a b l e , where a l a r g e 
p a r t y was assembled. On being handed t o the Commanding O f f i c e r 
e v e r y eye was f i x e d upon him e x p e c t i n g t h a t he would a t once t a k e 
means t o t r y t h e e x p e r i m e n t , b u t t o t h e d i s a p p o i n t m e n t o f the 
whole p a r t y , but s t i l l somewhat t o i t s amusement, t h e G e n e r a l , we 
suppose t h i n k i n g t he m a t t e r t o o s e r i o u s f o r a f t e r d i n n e r d e l i b e r a t i o n , 
c o o l l y p u t t h e e x p l o s i v e i n h i s pocke t book a We un d e r s t a n d t h a t 
he a f t e r w a r d s e x h i b i t e d i t t o t h e s e l e c t few, w i t h a d m i r a b l e 
e f f e c t , and h a l f t h e m e d i c a l s t a f f o f t h e s t a t i o n were i n the course 
of f o u r and t w e n t y hours engaged i n making g u n - c o t t o n , each d e c l a r i n g 
h i s was t h e b e s t o o o 
P r a c t i c a l Mechanic and E n g i n e e r s ' HaqazinB 0 
nay 1847, p„190 o 
The I n t e r i m P e r i o d ; 1847 - 1862 
From the end of 1847 u n t i l 1862 t h e r e i s v e r y l i t t l e r e f e r e n c e t o 
g u n = c o t t o n i n E n g l i s h p r i n t e d s o u r c e s . I t was r e p o r t e d t h a t d u r i n g 
t h e Crimean War of 1854 = 1856 Lord Armstrong had b u i l t , a t h i s Tyneside 
F a c t o r y , the cases of c e r t a i n submarine mines which were t o be charged 
w i t h gun-cotton,, The mines were t o bu used t o b l o c k t h e e x i t from t h e 
Sea of Azov, and t h u s t o c o n f i n e Russian w a r s h i p s t o t h e R i v e r Don„ The 
war was won b e f o r e t h e mines c o u l d be used,, But a p a r t from such i s o l a t e d 
e x p e r i m e n t s t h e abandonment i n t h e U n i t e d Kingdom appears t o have been 
complete,, 
Between 1847 and 1848 g u n ~ c o t t o n c o n t i n u e d t o be made i n French 
Government f a c t o r i e s , , At the t i m e of the Bouchet e x p l o s i o n t h a t f a c t o r y 
had made 5,000 k i l o g r a m s o f the explos i v e , , 
Djpjm H o r s l e y ? 
The^ War i n _the Cr i me a, WoH0 R u s s e l , Pub c R o u t l e d g e , London 1856„ 
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I n t e r e s t was m a i n t a i n e d elsewhere on the C o n t i n e n t o f Europe,, 
Schohbein o f f e r e d h i s p a t e n t t o t h e Deutscher Bund, the c o n f e d e r a t i o n 
of t h e German S t a t e s , f o r t h e sum o f 100,000 t h a l e r s (Then about £l,250) o 
However, because o f i n t e r n a l d i s s e n t i o n w i t h o u t t h e Bund, the o f f e r was 
declined,, Moreover, Schonbein had t o w a i t u n t i l 1852 f o r a d e c i s i o n 
on h i s o f f e r , , At the 1852 meeting of t h e Gun-cotton Committee, which 
had t a k e n p l a c e a t M a i n t z , the s e c r e t a r y was an A u s t r i a n , t h e G e n e r a l , 
Baron von Lenko 
Von Lenk took up S c h o h b e i n 1 s p a t e n t f o r 30,000 gu l d e n ( t h e n about 
£250) o The f u r t h e r development o f t h e manufacture of g u n - c o t t o n was 
c a r r i e d o u t i n a b s o l u t o s e c r e c y f o r almost t e n y e a r s a f t e r w a r d s ; 
" I t i s , " says Commandant d'Andlau, w r i t i n g f rom Vienna 
on t h e 15th November 1861, "a s e c r e t which t i m e a l o n e w i l l reveal„" 
Mo s t r a n g e r was a d m i t t e d i n t o the f a c t o r y a t H i r t e n b u r g , where 
General Von Lenk's method was c a r r i e d out„ The Commandant d'Andlau 
added t h a t , a f t e r most s a t i s f a c t o r y t r i a l s , t h e Emperor of A u s t r i a 
had d e c i d e d on the a d o p t i o n of a new m a t e r i a l f o r t h e employment of 
g u n - c o t t o n i n a l l t h e f i e l d a r t i l l e r y , , " 
LXIVo On G u n - c o t t o n , withreference„_tjg. jhe__New Methods 
of__ General Baron von Lenk f o r p r e p a r i n g and e m p l o y i n g t h i s substance,, 
By M o Pelouze, Member o f the I n s t i t u t e , and M o Maurey, Commissioner 
f o r Gunpowder a 
(The above c i t e d paper g i v e s a most d e t a i l e d d e s c r i p t i o n 
o f Von Lenk's w o r k ) 0 
U s u a l l y s a i d t o have c o n s i s t e d o f Army o f f i c e r s a p p o i n t e d by the 
D i e t , but the J^ejTus_t L i e b i g r e p r e s e n t e d Hesse„ 
Then ' C a p t a i n ' Von Lenk 0 
T r a n s l a t e d f r o m t h e Ann a l e s de Chimie e t do P h y s i q uta f o r October 1864, 
by Dr. E» A t k i n s o n , Royal M i l i t a r y C o l l e g e , Sandhursto 
R e p r i n t e d P h i l , , f-iag0 S o 4„ Wo0 192 0 S u p p l e Vol„28, p„535 e t L j s e q . 
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G j j n - c o t t o n i n the U n i t e d Kingdom 
The, 5 e c ond P has a (1862-^1875) 
B r i t i s h i n t e r e s t i n g u n - c o t t o n was reawakened towards the middle 
o f 1862 because o f a gr o w i n g disenchantment w i t h t h e e x p l o s i v e on t h e 
p a r t o f t h e A u s t r i a n m i l i t a r y e s t a blishment,, 
Under t h e d i r e c t i o n of Baron Von Lank t h e r e had been alm o s t t e n 
y e a r s o f s e c r e t e x p e r i m e n t w i t h t h e manufacture and t h e a p p l i c a t i o n o f 
gun-cotton,, The bronze f i e l d a r t i l l e r y w hich had been s p e c i a l l y 
d e s i g n e d t o use g u n - c o t t o n was d e c l a r e d t o be u n s a t i s f a c t o r y < , The t r i a l 
had been extensive,, T h i r t y - s i x b a t t e r i e s of guns had been i s s u e d 
e n t i r e l y w i t h g u n - c o t t o n ammunition,, But i n use as a p r o p e l l a n t t h e 
g u n - c o t t o n had been adjudged t o be not markedly s u p e r i o r t o o r d i n a r y 
grades o f gunpowder,, Moreover, g u n - c o t t o n q u i c k l y consumed gun b a r r e l s 
because t h e heat o f the c o n f l a g r a t i o n b u r n t some o f the t i n o u t of t h e 
a l l o y , , Used as a b u r s t i n g charge i n s h e l l s , g u n - c o t t o n o f t e n exploded 
b e f o r e the s h e l l had l e f t t h e b a r r e l because of t h e shock of the 
a c c e l e r a t i o n , , A u s t r i a n A r t i l l e r y o f f i c e r s were, i n g e n e r a l , opposed t o 
the use o f g u n - c o t t o n i n ordnance,, The A u s t r i a n Engineer Committee had, 
however, r e p o r t e d e x c e l l e n t r e s u l t s when g u n - c o t t o n had been used f o r 
m i l i t a r y m i n i n g o p e r a t i o n s , , 
The main outcome of t h e l o n g p e r i o d o f e x p e r i m e n t i n A u s t r i a was 
some p r o g r e s s towards a more c e r t a i n method of making a s t a b l e gun-cotton,, 
The p r i n c i p a l agent i n A u s t r i a n work w i t h g u n - c o t t o n was dispossessed,, 
Von Lenk had e i t h e r t o f i n d a n o t h e r p a t r o n or t o a t t e m p t t o c a p i t a l i s e on 
h i s work a t H i r t e n b u r g 0 He began t o t a k e o u t p a t e n t s overseas,, He made 
h i s o f f e r t o Great B r i t a i n , , 
At t h i s p o i n t i t i s necessary t o mo d i f y any i m p r e s s i o n t h a t Baron 
Von Lenk was t h e o n l y man who had m a i n t a i n e d i n t e r e s t i n g u n - c o t t o n 0 The 
B r i t i s h p a t e n t No o109D o f 1862, which was ta k e n o u t i n t h e name of 
Reveyo B r i t i s h P a t e n t Wo0 2720 o f 1863 0 
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ev i d e n c e i s o n l y a m a t t e r o f a few sentences e n t e r i n g i n t o the course 
of d i s c u s s i o n s i n p o p u l a r a r t i c l e s d e a l i n g w i t h the r e i n t r o d u c t i o n of 
g u n - c o t t o n , but i t i s c l e a r t h a t i n t e r e s t and e x p e r i m e n t had c o n t i n u e d 
i n P r u s s i a and i n France, and perhaps i n R u s s i a , a l l along,, The s i m p l e 
knowledge t h a t A u s t r i a had a s e c r e t process and had equipped a con-
s i d e r a b l e f o r c e w i t h a r t i l l e r y which used g u n = c o t t o n was perhaps enough 
t o have ensured a c o n t i n u e d i n t e r e s t , , General Von Lenk r e c e i v e d the 
p u b l i c i t y because he sought it„ There had been a w i d e r and g r o w i n g 
i n t e r e s t i n q u n ~ c o t t o n b e f o r e 1862 0 
Von Lenk appears t o have p u t an o f f i c i a l g l o s s t o h i s p r o m o t i o n , 
t o have g i v e n an i m p r e s s i o n a t l e a s t t h a t t h e process was o f f e r e d almost 
as f r o m one government t o a n o t h e r 0 T h i s was mere window-dressing,, He 
was a f t e r a l l G e n e r a l , the Baron Von Lenk, and had e n j o y e d r o y a l patronage 
u n t i l r e l a t i v e l y r e c e n t l y , , I n t h e e v e n t , i f Von Lenk had used o f f i c i a l 
l i n e s o f communication t o f o s t e r a p r i v a t e v e n t u r e , t h i s approach was t o 
prove a d e c i d e d embarrassment,, On 2 0 t h Duly 1863 = w h i l e Von Lenk was 
t r y i n g t o f i n d s u p p o r t f o r h i s process •=> t h e magazines a t H i r t e n b u r g blew 
up„ Two years l a t e r , on 1 1 t h October 1865, magazines a t S t e i n f e l d e r Heide, 
near Vienna, blew up, a g a i n w i t h o u t a t t r i b u t a b l e cause, The A u s t r i a n 
government stopped a l l f u r t h e r manufacture o f gun=cctton 0 
R e c e p t i o n of Von Lenk's o f f e r of h i s process was, n o t u n n a t u r a l l y , 
cautious,, The f i r s t p u b l i c announcement o f h i s p r o p o s a l s took p l a c e a t 
the 1862 meeting of the B r i t i s h A s s o c i a t i o n , which met t h a t ywr a t 
Cambridge,, A Committee was a p p o i n t e d t o examine Von Lenk's c l a i m s and 
t o r e p o r t upon them a t t h e n e x t meeting of the B r i t i s h A s s o c i a t i o n , which 
was t o be a t Newcastle i n 1863 0 
At l e a s t one member of the Gun~cotton Committee appears t o have 
been a b l e t o s u p p l y e x t e n s i v e i n f o r m a t i o n a t once 0 
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"Mr, S c o t t R u s s e l l read t h e r e p o r t o f t h e committee on 
gun-cotton,, I t s t a t e d t h a t General Hay, of the Hythe School 
of M u sketry, had c o n s t r u c t e d a new f o r o o f c a r t r i d g e s u i t e d f o r 
the U h i t w o r t h r i f l e ; t h a t he had f o u n d t h a t t h e use of t h e gun-
c o t t o n was c l e a n , a n d d i d n o t f o u l the gun; t h a t i t had much 
l e s s r e c o i l f o r t h e same e f f e c t ,, „ Thus, t h e r e f o r e , the use o f 
g u n - c o t t o n i n musketry had been proved by E n g l i s h made g u n - c o t t o n , 
i n E n g l i s h r i f l e s , by an E n g l i s h G e n e r a l , t o p e r f o r m a l l t h a t t h e 
committee l a s t year r e p o r t e d on t h e f a i t h of t h e A u s t r i a n General 
Lenko„„„." 
The 'Committee on G u n - c o t t o n ' mentioned can n o t have been the same 
t h i n g as t h e Gun-cotton Committee o f which Hr. S c o t t Russel was a member. 
I t must be supposed t h a t Won Lenk had approached t h e B r i t i s h government 
a t some time d u r i n g 1861 „ 
I t w i l l be seen t h a t g u n - c o t t o n was a l r e a d y under e x t e n s i v e t e s t 
f o r c i v i l i a n use b e f o r e September o f 1862; 
"The n e x t a p p l i c a t i o n made d u r i n g the p a s t year was t o t h e 
a i r i n g o f t u n n e l s , s h a f t s and d r i f t s , or t h e e n g i n e e r i n g a p p l i c a t i o n s . 
I t was s t a t e d by the committee t h a t o n e - s i x t h t h e w e i g h t o f charge 
of c o t t o n was e q u a l i n b l a s t i n g e f f e c t t o gunpowder a,. At U i n g e w o r t h 
C o l l i e r y o n e - t h i r t e e n t h the w e i g h t o f g u n - c o t t o n , as compared w i t h 
gunpowder^ a t t h e s l a t e q u a r r i e s a t L l a n b e r i , a t A l l e n Heads „, 0 
At A l l e n Hoads, a t Mr, Beaumont's l e a d mines, a c a n a l ( s i c a d r i f t ) 
was b e i n g d r i v e n seven m i l e s l o n g . The d r i f t was 7 f t , (2,13 m) by 
55 f t o ( l o 2 7 m) i n the h a r d e s t limestone,, Both ends were worked by 
g u n - c o t t o n f i r e d by e l e c t r i c b a t t e r y 0 The g r e a t advantage 
e x p e r i e n c e d was t h a t t h e a i r was n o t c o n t a m i n a t e d by smoke,,,,. 
The government had a p p o i n t e d a committee r e p r e s e n t i n g the navy, t h e 
m i l i t a r y , and c i v i l e n g i n e e r i n g , as w e l l as c h e m i c a l and p h y s i c a l 
s c i e n c e , and t h a t committee was a l r e a d y engaged i n a s y s t e m a t i c course 
of e x p e r i m e n t s r e l a t i n g t o the manufacture and keeping q u a l i t i e s o f 
g u n - c o t t o n , and i t s use i n a r t i l l e r y , s m a l l arms, and e n g i n e e r i n g , , " 
The E n g i n e e r , 23rd September 1862, p<,197„ 
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The above i s the o n l y r e f e r e n c e t o Government i n t e r e s t a t _ t j i i s _ 
e a r l y date which can be o f f e r e d . 
I t was a f t e r Dune of 1863 t h a t A u s t r i a n government, perhaps i n 
o r d e r t o p r o t e c t i t s e l f f r o m t h e e f f e c t s o f any c l a i m s made by General 
Uon Lenk, s e n t t o t h e B r i t i s h government a m i n u t e l y d e t a i l e d r e p o r t on 
t h e work c a r r i e d o u t by Uon LBnk w h i l e he was a t H i r t e n b u r g 0 The r e p o r t 
of the A u s t r i a n government was t r a n s l a t e d and p r i n t e d i n extenso i n t h e 
P r a c t i c a l Mechanic's Dournal f o r 1 s t October 1863 (p„172 )o 
W i t h what enthusiasm t h e r e p o r t was t r e a t e d a t the B r i t i s h 
A s s o c i a t i o n meeting i n Newcastle upon Tyne i n September of 1863 can be 
judged f r o m t h e o b s e r v a t i o n s o f t h e c o r r e s p o n d e n t f r o m the P r a c t i c a l 
Mechanic's D o u r n a l c i t e d i m m e d i a t e l y aboves 
"Great i n t e r e s t was t h e r e f o r e e x c i t e d a t Newcastle a t 
the l a t e meeting o f the B r i t i s h A s s o c i a t i o n , by the p r e s e n t a t i o n 
of the r e p o r t of t h e above comm i t t e e , which was read i n both 
s e c t i o n s , b u t we cannot say d i s c u s s e d O o o 
The r e p o r t of t h e c h e m i c a l s i d e o f the committee was a l s o 
i m p o r t a n t and a v e r y l o n g s t a t e m e n t o f e x p e r i m e n t a l t r i a l s and 
t e c h n i c a l d e t a i l s as t o t h e best method o f manufacture on the 
A r s e n a l s c a l e 0 o » read by D r 0 Abel 0 0 0 
We cannot say q u i t e as much f o r t h e r e p o r t of the mechanical 
s i d e of t h e g u n = c o t t o n c o m m i t t e e , read by Mr, Dohn S c o t t R u s s e l l , 
f o r a l t h o u g h ( c a u s i n g ) some i n t e r e s t i n g and c u r i o u s d i s c u s s i o n , 
i t appeared t o us t o have been framed i n a good d e a l of i g n o r a n c e 
of what had been a s c e r t a i n e d e x p e r i m e n t a l l y , and p r i n t e d s e v e r a l 
y e a r s s i n c e by French O f f i c e r s and p h i l o s o p h e r s , and more e s p e c i a l l y 
by General P i o b e r t and C o l o n e l M a l l e t t o o o 
I t can be supposed t h a t a f t e r the g e n e r a l p u b l i c a t i o n o f t h e 
A u s t r i a n government's r e p o r t t h e r e was l i t t l e t o p r e v e n t anyone w i t h t h e 
w i t t o w r i t e a c l e v e r s p e c i f i c a t i o n t o c i r c u m v e n t Baron Uon Lenk's B r i t i s h 
^ R e port on the A p j X i c a t i o n ^ by a committee 
B r i t i s h A s s o c i a t i o n J'or t h e Advancement o f Science ( N e w c a s t l e ) 18639p<>34 et^sec 
The t e x t i s faded a t t h i s p o i n t 0 
T h i s i s one o f t h e a l l u s i o n s t o work on g u n - c o t t o n o t h e r t h a n i n A u s t r i a 
b e f o r e 1862 which made above 0 
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patent,, T h i s may indeed have been t h e i n t e n t i o n of Uon Lenk's un-
f r i e n d s i n Vienna,, 
At the w i n d i n g up of t h e 1863 meeting of t h e B r i t i s h A s s o c i a t i o n , 
P r o f e s s o r A b e l , who was c h i e f c h e m i s t t o the B r i t i s h War O f f i c e , had 
read a paper which was g e n e r a l l y f a v o u r a b l e towards the r e i n t r o d u c t i o n 
o f g u n - c o t t o n : 
" P r o f e s s o r Abel read a s h o r t r e p o r t , g i v i n g a d e s c r i p t i o n 
o f t h e A i r i t r i a n system o f manufacture o f g u n - c o t t o n , and a d e t a i l e d 
account of t h e r e s u l t s o f e x p e r i m e n t s made i n t h i s c o u n t r y , w i t h 
t h e view o f d e t e r m i n i n g the n a t u r e and the p r o p e r t i e s o f A u s t r i a n 
gun—cotton<, I n c o n c l u d i n g h i s r e p o r t , P r o f e s s o r Abel gave i t as 
h i s o p i n i o n t h a t , under a p r o p e r l y r e g u l a t e d system, t h e p r o d u c t i o n 
of g u n - c o t t o n was n o t more d i f f i c u l t and c o m p l i c a t e d , and was 
a t t e n d e d w i t h c o n s i d e r a b l y l e s s r i s k o f a c c i d e n t t o t h e workmen and 
the m a n u f a c t u r i n g e s t a b l i s h m e n t , than the p r o d u c t i o n of gunpowder.," 
A l f r e d Abel was f u l l y aware a t the t i m e he read h i s paper b e f o r e 
t h e B r i t i s h A s s o c i a t i o n t h a t t h e A u s t r i a n government had d i s c o n t i n u e d the 
use of g u n - c o t t o n , i n guns, 
A f t e r 1863 the m i l i t a r y and the c i v i l i a n p r o d u c t i o n of g u n - c o t t o n 
appear more c l e a r l y t o have diverged,, A l l m i l i t a r y g u n - c o t t o n was made 
a t Waltham Abbeys a l l g u n - c o t t o n f o r c i v i l i a n use was made a t t h e Stowmarket 
F a c t o r y o f Messrs,, Thomas P r e n t i c e and Sons. 
The Manufacture of Gun-cotton a t Stowmarket 
Most accounts of g u n - c o t t o n manufacture a f t e r 1863 r e f e r t o Waltham 
Abbey or t h e y are s i m p l y n o t p o s i t i v e l y r e f e r a b l e t o e i t h e r of the two 
f a c t o r i e s , , F o r t u n a t e l y , an e x t r e m e l y w e l l d e t a i l e d d e s c r i p t i o n of the 
•si-
e n t i r e process which was c a r r i e d on a t Stowmarket, the c i v i l i a n 
m a n u f a c t o r y , was p r i n t e d i n E n qineerin£ f o r 1 s t November 1867 (pp„40B, 
403=431, 4 6 7 - 4 6 8 ) 0 Since t h i s source g i v e s more d e t a i l t han any of t h e 
I t i s b e l i e v e d t h a t work on the Stowmarket f a c t o r y premises was 
begun i n l a t e 1863 0 
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o t h e r s f o u n d , and because i t i s most c l o s e l y contemporary w i t h the f i r s t 
y e a r s of t h e renewed g u n — c o t t o n i n d u s t r y , i t w i l l be used as the main 
b a s i s f o r t h e d i s c u s s i o n which f o l l o w s 0 
The p a t e n t upon which t h e 'Patent S a f e t y Gun-Cotton Company' was 
founded was t h a t of F r e d e r i c k Augustus Abels Improvements i n the 
P r e p a r a t i o n and Treatment o f Gu n - c o t t o n , F'„A„ A b e l , Royal A r s e n a l 
Woolwich, B r i t i s h p a t e n t No„1102 o f 2 0 t h A p r i l 1865„ I t i s noted 
t h a t Abel o f f e r s no improvement i n t h e n i t r a t i o n o f the c o t t o n ; the 
improvement was supposed t o be i n the s t a b i l i s a t i o n which f o l l o w e d 
nitration„ 
Abel's p a t e n t d i f f e r e d f r o m Von Lenk's i n two r e s p e c t s 0 A f t e r 
n i t r a t i o n t h e f i b r e s were p u l p e d , and, where i t was wished t o slow t h e 
speed o f the e x p l o s i o n , a p r o p o r t i o n o f p l a i n c o t t o n f i b r e s was mixed 
w i t h the gun-cotton,, 
The p u l p i n g of g u n - c o t t o n was n o t an e n t i r e l y o r i g i n a l i d e a 0 The 
p r a c t i c e had been a p a r t o f the process of manufacture a t Bouchet, i n 
France. I t had a l s o been embodied i n the s p e c i f i c a t i o n o f B r i t i s h 
p a t e n t Mo 0320 9 which had been g r a n t e d t o Dohn Tonkin of Poole, C o r n w a l l 
( s i c D o r s e t ? ) on the 6 t h February 1862; Improvements i n t h e Manufacture 
o f Gunpowdero 
"The f i b r e i s t h e n t a k e n i n t h e wet s t a t e and c o n v e r t e d 
i n t o p u l p i n t h e same manner as i s p r a c t i s e d by paper—makers, 
by p u t t i n g t h e f i b r e i n t o a c y l i n d e r , h a v i n g k n i v e s r e v o l v i n g 
r a p i d l y , w o r k i n g c l o s e d t o f i x e d knives,," 
(The p a t e n t was f o r a sodium n i t r a t e gunpowder t o which t h r e e 
per c e n t o f pulped g u n = c o t t o n was added) „ 
Gun-cotton made a t Stowmarket was made fr o m c o t t o n l i n t e r s , s h o r t 
f i b r e s l e f t over f r o m ' w i l l o w i n g ' o f raw cotton,, T h i s m a t e r i a l was 
p r o b a b l y v e r y much cheaper than the l o n g s t a p l e c o t t o n s used f o r m e r l y 
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s i n c e i t was c l a s s e d as ' w a s t e I t d i d , however, r e q u i r e some 
c o n s i d e r a b l e p r e p a r a t i o n ; 
" T h i s i s e f f e c t e d by b o i l i n g i t i n an a l k a l i n e s o l u t i o n , 
t h en d r y i n g i t i n a c e n t r i f u g a l machine, and t h e n b o i l i n g i t i n 
c l e a n w a t e r . A f t e r a second b o i l i n g i t i s a g a i n p a r t i a l l y d r i e d 
i n a c e n t r i f u g a l machine, and any r e m a i n i n g m o i s t u r e i s t h o r o u g h l y 
removed, by e x p o s i n g the c o t t o n t o the atmosphere, and p a r t l y by 
p l a c i n g i t on s h e l v e s i n a d r y i n g chamber heated a r t i f i c a l l y t o 
about 1 2 0 a o ( F < . ) o The d r y i n g of t h e c o t t o n has t o be v e r y 
t h o r o u g h l y e f f e c t e d , as any m o i s t u r e . 0„ combining w i t h t h e a c i d s 
used f o r c o n v e r s i o n , g e n e r a t e heat and s e t up a d e s t r u c t i v e action 0„„" 
There was i n the new process an emphasis on thoroughness« The 
c o t t o n was c a r e f u l l y weighed o u t i n t o l o t s o f one pound ( 045359 kg.) each, 
each hank was p u t i n t o a s m a l l wooden box and t h e boxes were passed t h r o u g h 
t o t h e ' c o n v e r t i n g r o o m ' o 
"There each charge i s p l a c e d s e p a r a t e l y i n a b a t h con= 
t a i n i n g the mixed a c i d s , t h e m i x t u r e i n which t h e c o t t o n i s 
submerged c o n s i s t i n g o f t h r e e p a r t s , by w e i g h t , of s u l p h u r i c 
a c i d and one p a r t of n i t r i c a c i d , the m i x t u r e b e i n g a l l o w e d t o 
c o o l down = a process which o c c u p i e s t o o or t h r e e days = b e f o r e 
the c o t t o n i s p l a c e d i n i t 0 A f t e r i m m e r s i o n , t h e charges of 
c o t t o n are s t r a i n e d u n t i l each c o n t a i n s o n l y about t e n times i t s 
w e i g h t o f a c i d s , and then each charge i s p l a c e d i n an earthenware 
j a r and covered down. I n o r d e r t o p r e v e n t any h e a t i n g of the 
c o t t o n t a k i n g p l a c e , t h e j a r s are a r r a n g e d i n a k i n d o f s h a l l o w 
t r o u g h , t h r o u g h which a c u r r e n t o f water i s k e p t c o n s t a n t l y f l o w i n g , , " 
A d e s c r i p t i o n of the s p e c i a l p r o v i s i o n made f o r v e n t i n g a c i d fumes 
f r o m the room where th e c o t t o n was t r e a t e d w i t h a c i d s b r i n g s a re= 
c o l l e c t i o n o f t h e d i f f i c u l t y which t h e o p e r a t i v e s w o r k i n g a t H a l l ' s 
f a c t o r y i n 1847 had i n ' s u s t a i n i n g r e s p i r a t i o n • 0 A c i d fumes were s t i l l 
a problem. The w r i t B r of the a r t i c l e i n s e r t s an u n f a v o u r a b l e comparison; 
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"The b u i l d i n g i n which the c o n v e r s i o n of t h e c o t t o n i s 
e f f e c t e d i s v e n t i l a t e d by a s h a f t i n which an a r t i f i c i a l c u r r e n t 
i s m a i n t a i n e d ^ b u t t h e v e n t i l a t i o n can s c a r c e l y be called p e r f e c t , 
and i t i s d o u b t f u l whether the fumes a r i s i n g f r o m t h e a c i d s c o u l d 
n o t be more c o m p l e t e l y by a s e r i e s o f f l u e s connected w i t h the 
s h a f t and a r r a n g e d so as t o draw o f f a i r f r o m t h e f l o o r of the 
room c l o s e t o t h e b a t h i n which the a c i d s are contained,, T h i s 
system 0„„ advocated by General Clorin ( F r a n c e ) has been found 
e f f a c t i v e , , „ „" 
N i t r a t i o n i n the e a r t h e n w a r e j a r s was a l l o w e d t o go on f o r a l l o f 
f o r t y = e i g h t h o u r s 0 The need f o r the j a r s can be appreciated,, W i t h o u t 
th e use of the earthenware j a r s t o h o l d a s m a l l q u a n t i t y of c o t t o n t h e r e 
would be a nesd f o r a s i n g l e b a t h , o f the same k i n d used f o r the i n i t i a l 
d i p p i n g , f o r every hundred pounds or so of cotton„ 
Because the a c i d t o o k so l o n g t o c o o l , and because s u c c e s s i v e 
d i p p i n g s would weaken the l a r g e r body of a c i d , the j a r s a l l o w e d the 
s t r e n g t h o f the a c i d t o be l o c a l l y m a i n t a i n e d , and reduced b o t h the t i m e 
needed t o prepare the a c i d and the number of l a r g e c o n t a i n e r s needed,, 
The s t r e n g t h of t h e a c i d s i n the d i p p i n g tanlk would be m a i n t a i n e d as i t 
was topped up w i t h new a c i d 0 There may a l s o have been a t h o u g h t f o r the 
s a f e t y which would come of k e e p i n g the charges separate,, 
Extreme care was t a k e n t o ensure the thoroughness o f t h e washing 
and d r y i n g which t h e n i t r a t e d c o t t o n r e c e i v e d ? 
" o o o i s removed f r o m the j a r s and p l a c e d i n a c e n t r i f u g a l 
drying-machine,, On removal „ „ o i t i s plunged i n t o a s t r o n g f a l l 
o f w a t e r , r e c e i v e d by a t a n k , i n which the g u n - c o t t o n p l a c e d i n 
the f a l l i s a l l o w e d t o remain f o r a s h o r t t i m e 0 The o b j e c t of 
p l a c i n g the g u n - c o t t o n i n the f a l l of w a t e r , or 'drench b a t h ' , 
as i t i s c a l l e d , i s t o ensure the sudden and complete submersion 
of t h e m a t e r i a l , and thus a v o i d the h e a t i n g and d e c o m p o s i t i o n o f 
the c o t t o n which would t a k e p l a c e a t the s u r f a c e o f the water i f 
the c o t t o n were immersed g r a d u a l l y , , On i t s removal from the 
d r e n c h — b a t h , t h e g u n — c o t t o n i s a g a i n d r i e d i n a c e n t r i f u g a l machine, 
and t h e n p l a c e d i n a b a t h t h r o u g h which a c u r r e n t of water c o n s t a n t l y 
f l o w s f o r f o r t y - e i g h t hours o o o These a l t e r n a t e washings and d r y i n g s 
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be i n g r e p e a t e d u n t i l t h e g u n = c o t t o n has passed t h r o u g h e i g h t 
b a t h s , s u c c e s s i v e l y , r e m a i n i n g f o r t y — e i g h t hours i n eacho" 
I f t h e process was t r u l y as e l a b o r a t e as d e s c r i b e d i t i n d i c a t e s a 
c a r e which was a l m o s t superstitious» A p r o c e s s i n g t i m e o f s i x t e e n days 
would mean t h a t the q u a n t i t y o f g u n - c o t t o n which a t any one timewas 
p a s s i n g t h r o u g h the f a c t o r y c o u l d have been l a r g e 0 
P u l p i n g t h e newly made g u n - c o t t o n was done i n an o r d i n a r y commercial 
r a g = s h r e d d e r , " s i m i l a r t o t h o s e employed i n paper-mills'» The 'Dutchman' 
had been i n use s i n c e a t l e a s t t h e m i d d l e o f t h e e i g h t e e n t h century,, 
There were two p u l p i n g machines a t Stowmarket i n 1867 0 
F o l l o w i n g t h e p u l p i n g process some of the g u n - c o t t o n was formed 
i n t o 'gun-paper' or as i t was c a l l e d , ' r e t a r d e d paper', which was used 
f o r c i v i l i a n s m a l l arms ammunition, p a r t i c u l a r l y f o r shotguns,. I t i s 
n o t proposed t o t a k e t h i s t o p i c f a r = a l l the i n f o r m a t i o n a v a i l a b l e about 
the m a t e r i a l i s i n t h e above c i t e d a r t i c l e = however, i t can be s a i d t h a t 
i t was made f r o m g u n — c o t t o n which had been reduced t o a f i n e r s t a t e o f 
d i v i s i o n t han t h a t meant f o r e x p l o s i v e s ? i t was made 'by the o r d i n a r y 
hand p r o c e s s ' , and t i n t e d p i n k o 
Gun-cotton i n t e n d e d f o r m i n i n g charges r e q u i r e d very much more 
f u r t h e r p r o c e s s i n g 0 T h i s i s t o be c o n t r a s t e d w i t h b l a c k gunpowder which 
l e f t t h e m i l l i n b a r r e l s and had t o be made up i n t o whatever form was 
r e q u i r e d elsewhere„ E x p l o s i v e s were b e g i n n i n g t o be s p e c i a l i s e d , , 
Gunpowder c o u l d be used f o r any purpose; i t would be l e s s easy t o m i s -
a p p l y g u n - c o t t o n m i n i n g c h a r g e s 0 On s e v e r a l o c c a s i o n s F 0A 0 Abel had 
p o i n t e d o u t t h e dangers t o c i v i l peace which l a y i n the easy access 
which t h e p u b l i c had t o m i n i n g gunpowder 
A f t e r b e i n g weighed c a r e f u l l y i n t o q u a n t i t i e s r e p r e s e n t i n g a 
c a l c u l a t e d djrj£ w e i g h t of g u n - c o t t o n , each u n i t was pressed i n t o a s m a l l 
t i n - p l a t e v e s s e l ready t o be c a r r i e d t o t h e ' p r e s s i n g house'o That t h e 
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g u n - c o t t o n was always t h e r e a f t e r k e p t m o i s t i s s t r e s s e d . As had been 
the p r a c t i c e a t Faversham, 'boys' were employed i n the p r e s s i n g — h o u s e . 
T h i s was a l s o the p r a c t i c e a t Waltham Abbey a t t h e same p e r i o d . 
"The h a n d - p r e s s i n g i s e f f e c t e d by boys as f o l l o w s ; Each 
c h a r g e , a f t e r b e i n g moistened w i t h w a t e r , i s t r a n s f e r r e d f r o m the 
t i n f r o m the t i n cup c o n t a i n i n g i t t o a c y l i n d r i c a l mould or t u b e , 
the e x t e r n a l o f which i s e q u a l t o the e x t e r n a l d i a m e t e r o f t h e 
i n t e n d e d c h a r g e . o . " 
At t h i s p o i n t t h e r e i s a d e s c r i p t i o n o f the way which had been 
fou n d t o overcome a minor b u t troublesome t e c h n i c a l problem. Because 
b o t h the problem and t h e way i n which i t was s o l v e d w i l l show the e x t e n t 
of t he s h i f t i n t e c h n i c a l t h i n k i n g , i n the corcjeption o f t h e way i n which 
e x p l o s i v e s were t o be made and h a n d l e d , a c h i e v e d by men whose e n t i r e 
p r e v i o u s e x p e r i e n c e had been w i t h b l a c k gunpowder, the d e s c r i p t i o n w i l l 
be d e t a i l e d ; 
The problem was t h a t when i t was a t t e m p t e d t o f o r c e wet gun-
c o t t o n , p u l p i n t o a c y l i n d e r t o f o r m a c a r t r i d g e , 'a k i n d of p i s t o n g below 
which the a i r c o n t a i n e d i n the tube became compressed' was formed. The 
i n c r e m e n t s of p u l p c o u l d n o t be f o r c e d home. The s o l u t i o n n o t o n l y 
overcame the immediate problem b u t gave a l s o a bonus; 
" T h i s d i f f i c u l t y was g o t over i n a v e r y i n g e n i o u s manner. 
I n s t e a d of t h e tubes b e i n g made c o m p l e t e l y c l o s e d a t t h e lower 
end, the l a t t e r i s p e r f o r a t e d , and t h e s o l i d f orm on which the 
charge r e s t s i s formed by a k i n d of p i s t o n , w i t h which each tube 
i s f i t t e d . T h i s p i s t o n i s f u r n i s h e d w i t h a rod which passes up 
t h r o u g h t h e c e n t r e o f t h e c h a r g e , f o r m i n g a h o l e t h r o u g h t h e 
l a t t e r , which enables t h e charge t o be i g n i t e d f r o m end t o end, 
by t h e f l a s h o f the p o r t i o n f i r s t l i g h t e d . I n the case of 
ch a r g e s , the d i a m e t e r o f which exceeds 2 i n c h e s (5.8 cms.) t h e 
p i s t o n s of t h e moulds are f u r n i s h e d w i t h two r o d s , one of these 
f o r m i n g a c e n t r a l h o l e , and a n o t h e r a h o l e nearer the c i r c u m -
f e r e n c e i n which t h e i g n i t i n g f u s e can be p l a c e d . " 
I t can be seen t h a t even by as l a t e as 1867 i t was necessary t o 
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i g n i t e g u n = c o t t o n w i t h t h e s p u r t o f flame from the end of a B i c k f o r d 
f u s e - i t was a year l a t e r t h a t R„0o Brown i n v e n t e d h i s form of 
mercury f u l m i n a t e d e t o n a t i o n , . The c e n t r a l h o l e was almo s t an e s s e n t i a l 
w i t h a compressed charge of gun=cottons i t would have been tr o u b l e s o m e 
t o have had t o have bored a h o l e i n a m a t e r i a l which was a t l e a s t as 
tough as papier°mache or a l i g h t wood,, The d e s c r i p t i o n of the hand~ 
p r e s s i n g p a r t o f the process c o n t i n u e s ; 
" o o o the c o t t o n b e i n g f i r s t p l a c e d i n the mould, and 
pushed i n a s m a l l d i s t a n c e , the charge i s rammed i n on t o p 
of i t , and then on the p i s t o n b e i n g f o r c e d down t o t h e bottom 
of t h e mould by the a i d o f i t s r o d , t h e at m o s p h e r i c p r e s s u r e on 
top o f the charge causes i t t o be c a r r i e d down i n c l o s e c o n t a c t 
w i t h t h e piston,, A h o l l o w p l u n g e r , p e r f o r a t e d a t the bottom 
and s i d e s , i s n e x t p l a c e d i n the mould, the end o f t h i s p l u n g e r 
h a v i n g a h o l e , or h o l e s , t h r o u g h which t h e r o d , or r o d s , o f t h e 
p i s t o n can pass? and t h e whole i s t h e n p l a c e d under a hand lever,, ° 
f l a k i n g up g u n — c o t t o n m i n i n g charges had passed a t once i n t o un= 
s k i l l e d process w o r k 0 The need t o employ young, cheap l a b o u r a t work 
which was n e i t h e r s k i l l e d n o r , a t t h a t s t a g e , p a r t i c u l a r l y dangerous, 
i s apparent,, The same p a t t e r n had come i n t o b eing i n the manufacture 
of o t h e r e x p l o s i v e s and s a f e t y f u s e 0 
Secondary p r e s s i n g was a f u l l y mechanised process w h i c h , from t h e 
d e s c r i p t i o n , was capable o f t u r n i n g o u t l a r g e q u a n t i t i e s of c a r t r i d g e s 
of d e n s e l y compressed g u n = c o t t o n ve r y q u i c k l y , , T h i s was e s s e n t i a l l y a 
modern means o f manufacture <= a means of mass p r o d u c t i o n 0 There was, 
n e v e r t h e l e s s , a need o n l y t o adapt e x i s t i n g machinery d e s i g n s f o r the 
work, as can be i n f e r r e d from the d e s c r i p t i o n s 
" o o o r e s e m b l i n g a s l o t t i n g machine i n i t s g e n e r a l appearance 
The s l i d e 0 » o i n s t e a d o f c a r r y i n g a c u t t i n g t o o l , i s f i t t e d w i t h 
t h r e e p l u n g e r s , which a c t upon each charge successively„ The 
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The charge t o be pressed i s p l a c e d i n a c y l i n d r i c a l mould 
c a r r i e d by a h o r i z o n t a l c i r c u l a r t a b l e , h a v i n g an i n t e r m i t t e n t 
r o t a r y motion,, o o " 
(The remainder o f t h e passage d e s c r i b e s what i s e s s e n t i a l l y a 
s l o t t i n g machine i n o p e r a t i o n ) , , 
The compression o f l a r g e r b l a s t i n g c a r t r i d g e s c a l l e d f o r a 
d i f f e r e n t method 0 
" T h i s c o n s i s t s o f a h o r i z o n t a l h y d r a u l i c c y l i n d e r , the 
main p l u n g e r of which i s f u r n i s h e d w i t h a head c a r r y i n g a 
number o f s m a l l p l u n g e r s f o r compressing the ch a r g e s , these 
p l u n g e r s b e i n g a r r a n g e d i n p a r a l l e l rows one aboue the o t h e r 0 0 o 
the arrangement i s fou n d t o be a very e f f i c i e n t o n e 0 " 
F i n i s h e d c y l i n d e r s of compressed g u n - c o t t o n were pushed f r e e o f 
the m oulding b l o c k d i r e c t l y i n t o boxes. That r i e s s r s 0 P r e n t i c e and Sons 
were making l a r g e c a r t r i d g e s o f g u n - c o t t o n i n d i c a t e s t h a t t h e r e was a t 
t h a t t i m e some improved means o f s i n k i n g s h o t - h o l e s s t h e r e i s a l i m i t , 
perhaps o f about two i n c h e s , ( 5 0 8 cm„) upon the s i z e and d e p t h of a 
s h o t - h o l e which may w i t h i n any r e a s o n a b l e t i m e be sunk by a man b a t t e r i n g 
w i t h a sledge-hammer on a jumper b a r . 
The wrapping o f g u n - c o t t o n m i n i n g charges was c a r r i e d o u t w i t h 
g r e a t c a r e . I t i s i n t e r e s t i n g , and o l i t t l e i r o n i c , t h a t t h e m a t e r i a l 
used f o r p r o t e c t i n g t h e f i n i s h e d g u n - c o t t o n was a l s o one of Schcfnbein's 
i n v e n t i o n s , , 
"The n e x t process undergone „ „ „ i s t h a t o f be i n g covered 
w i t h a p e c u l i a r k i n d o f paper, termed ' a r t i f i c i a l v e l l u m ' o o o 
which i s manufactured by Messrso P r e n t i c e on t h e i r own works, i s 
made by l a y i n g s h e e t s of b l o t t i n g paper f o r a few seconds on t h e 
s u r f a c e of s t r o n g s u l p h u r i c a c i d c o n t a i n e d i n a bath „„„ i m m e d i a t e l y 
plunged i n t o t r o u g h s c o n t a i n i n g water 0„o the a r t i f i c i a l v e l l u m 
b e i n g tough s e m i - t r a n s p a r e n t substance 0o<> i s c u t i n t o s t r i p s , 
r o l l e d around the c h a r g e s , and secured by p a s t e , the o p e r a t i o n o f 
c o v e r i n g being p e r f o r m e d by g i r l s , , " 
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Wrapped and pasted charges were s t o v e d d r y a t 140°F (60°C) steam 
heated d r y i n g chamber which was d i v i d e d up i n t o s m a l l e r compartments 
i n o r d e r t o l i m i t t h e e x t e n t of any a c c i d e n t a l i g n i t i o n of the explosive,. 
f l e s s r S o P r e n t i c e a l s o made f o r m i n i n g purposes g u n - c o t t o n i n a 
s p e c i a l f o r m ; 
"Besides the r e g u l a r charges „.» the f i r m a re now making 
a p e c u l i a r k i n d of g u n - c o t t o n y a r n , s p e c i a l l y adapted f o r 
s p l i t t i n g o f f s l a b s of s l a t e 0 A h o l e b e i n g formed behind the 
s l a b b e i n g s e p a r a t e d , a s u f f i c i e n t l e n g t h o f t h i s y a r n i s i n s e r t e d 
and i g n i t e d , no tamping b e i n g used„ We u n d e r s t a n d t h a t t h i s y a r n 
i s now found t o answer i t s purpose c a p i t a l l y , and t h a t i t i s now 
b e i n g e x t e n s i v e l y used i n Wales,," 
I t w i l l be remembered t h a t a s i m i l a r k i n d of y a r n 9 e n c l o s e d i n a 
paper t u b e , was a l s o s o l d by Messrs, Dohn H a l l & Sons d u r i n g 1846=475 
i t t o o was s p e c i f i c a l l y t o be used f o r s p l i t t i n g o f f s l a t e . 
A n o t e on t h e Machinery a t Stowmarket 
When compared w i t h t h e Schohbein process used a t Faversham twenty 
y e a r s b e f o r e , the new method r e q u i r e d v e r y much more machinery, and more 
power t o maee t h a t m a c h i n e r y 0 But most of the machinery was o f a k i n d 
which c o u l d be used w i t h o u t much i n t h e way o f m o d i f i c a t i o n 0 Reference 
t o a contemporary c a t a l o g u e of i n d u s t r i a l p l a n t w i l l n o t o r d i n a r i l y show 
any machinery d e s i g n a t e d s p e c i f i c a l l y f o r g u n - c o t t o n m a n u f a c t u r e ; but the 
component u n i t s are t h e r e , sometimes t h e names of t h e makers c o r r e s p o n d 
w i t h t h e names on t h e name-plates shown on i l l u s t r a t i v e e n g r a v i n g s 0 
Both steam and water power were used a t P r e n t i c e ' s s o r k s ; 
^The P r a c t i c a l Mechanic's J o u r n a l , S c ^ i e j n t i f i c Record of t h e I n t e ^ r ^ t _ i o n a _ l 
E x h ^ b j . t i o n ofLJj62 0 Conducted by 3» Henry Johnson ( p r o p 0 P r a c t i c a l 
Mechanic's " j o u r n a l , Ed„ Robert M a l l e t , M 0A„, r i . I o C . E . , F.R„5„, Pub„ 
Longman, Green, and Longmans, London, 1862<> 
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" „ o o s i t u a t e d by the s i d e o f a s t r e a m which f u r n i s h e s a 
s u p p l y of water f o r washing, and a l s o d r i v e s a water=wheel ( ) by 
which the p u l p i n g machinery i s w o r k e d , 0 , " 
"The c e n t r i f u g a l d r y i n g - m a c h i n e s , which are e x t e n s i v e l y 
used a t v a r i o u s s t a g e s of t h e manufacture are of o r d i n a r y con= 
s t r u c t i o n , each c o n s i s t i n g o f a c y l i n d e r w i t h w i r e gauze s i d e s , 
caused t o r e v o l v e h o r i z o n t a l l y a t a r a t e of f r o m §00 t o 800 
r e v o l u t i o n s per m i n u t e , " 
"A number o f machines a t Stowraarket are worked from 
s h a f t i n g d r i v e n by a h o r i z o n t a l e n g i n e , and o t h e r s are d r i v e n 
each by a s p e c i a l engine p l a c e d t o t h e machine, these engines 
h a v i n g t h e i r c r a n k - s h a f t s a r r a n g e d v e r t i c a l l y , and t h e f l y = 
wheel of each engine b e i n g connected d i r e c t l y by a b e l t t o a 
p u l l e y on t h e s p i n d l e of t h e c o r r e s p o n d i n g d r y i n g machine," 
The Stowmarket E x p l o s i o n 
At 2 p 0m 0 on t h e 1 1 t h August 1871 t h e r e was a s e r i e s o f tremendous 
e x p l o s i o n s a t the Stowmarket f a c t o r y . I t was l a t e r e s t i m a t e d t h a t 
f i f t e e n t o n s (14„75 to n n e s ) of g u n - c o t t o n had e x p l o d e d . Among those 
n o t accounted f o r a f t e r w a r d s were two o f Thomas P r e n t i c e ' s sons, Mr, 
Edward P r e n t i c e and Mr, W i l l i a m P r e n t i c e , Damage was e x t e n s i v e . The 
immediate area of t h e f a c t o r y was t o t a l l y d e s t r o y e d ; o t h e r damage 
extended outwards f o r a d i s t a n c e of up t o f o u r m i l e s . 
T h is e v e n t almost r e s u l t e d i n a second abandonment of g u n = c o t t o n . 
The immediate response t o t h e a c c i d e n t was an o u t c r y i n the Press 
c a l l i n g f o r t h e p r o h i b i t i o n of a l l f u r t h e r m a n u f a c t u r e . The Government 
o r d e r e d t h a t a l l work on g u n — c o t t o n a t i t s own Waltham Abbey works be 
suspended, and t h a t the g u n = c o t t o n i n the magazines a t Upnor be w e t t e d . 
F o r t u n a t e l y i t was l a t e r d e c i d e d t h a t t h e e x p l o s i o n c o u l d o n l y 
have been b r o u g h t about by the i n t r o d u c t i o n of s t r o n g s u l p h u r i c a c i d 
i n t o s e v e r a l batches of g u n = c o t t o n which had a l r e a d y been s u b j e c t e d t o 
the t e s t s r e q u i r e d by the government. The v e r d i c t was t h a t the a c i d 
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had been added t o t h e g u n - c o t t o n by some m a l i c i o u s p e r s o n , n o t d i s -
c o v e r a b l e , who was perhaps n o t a b l e t o p r e d i c t t he outcome of t h e a c t . 
The e v i d e n c e was s a i d t o be c i r c u m s t a n t i a l , but o f a more t h a n o r d i n a r i l y 
s t r o n g k i n d 0 A f t e r an e x h a u s t i v e e n q u i r y the manufacture of g u n — c o t t o n 
was a l l o w e d t o c o n t i n u e . 
I f the a c c i d e n t had se r v e d any u s e f u l purpose i t was t o — v i r t u a l l y 
p r e c i p i t a t e t he comprehensive s t a t u t o r y c o n t r o l which was embodied i n the 
E x p l o s i v e s Act of 1875„ 
Two f i n a l q u o t a t i o n s c o n c e r n i n g g u n - c o t t o n are g i v e n h e r e . The 
f i r s t i s f r o m the t e s t i m o n y of Nr. banning P r e n t i c e t o t h e Stowmarket 
I n q u i r y ; t h e second i s t a k e n f r o m the wo r d i n g o f the l a t e r government 
Committee of E n q u i r y i n t o t he manufacture o f g u n - c o t t o n , 
"We had t h o u g h t we had t o d e a l w i t h a c o m b u s t i b l e , n o t 
w i t h an e x p l o s i v e , " 
The E n g i n e e r , 2 5 t h August 1871, p,129„ 
"The Committee „,, c o n s i d e r t h a t i t s use i s n o t o n l y un-
a t t e n d e d by e i t h e r u n c e r t a i n t y or p e r i l , b u t t h a t t he m a t e r i a l 
as an e x p l o s i v e agent i s e f f e c t i v e , c e r t a i n , s a f e , p o r t a b l e , and 
easy i n employment ,„," 
The E n g i n e e r , 1 9 t h Danuary 1872, p 037„ 
The d e c i s i o n t o proceed w i t h the development of g u n - c o t t o n took 
under s i x months 0 
Gun-cotton i n Use 
I t was i n m i l i t a r y a p p l i c a t i o n s t h a t t he h i g h e x p l o s i v e p r o p e r t i e s 
of g u n - c o t t o n were a t f i r s t a p p r e c i a t e d ; 
" I t i s a well-known f a c t t h ^ t a bag of gunpowder n a i l e d 
on t o t h e ga t e s of a c i t y w i l l blow them open, A bag o f gun= 
c o t t o n exploded i n the same way produces no e f f e c t . To blow up 
the g ates o f a c i t y w i t h g u n - c o t t o n i t must be c o n f i n e d b e f o r e 
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explosion,. Twenty pounds o f g u n ~ c o t t o n c a r r i e d i n the hands of a 
s i n g l e man would be s u f f i c i e n t , o n l y he must know i t s n a t u r e . I n 
a bag i t i s ha r m l e s s , e x p l o d e d i n a box i t w i l l s h a t t e r t h e gate t o 
atoms,, A g a i n s t t h e p a l l i s a d e s o f a f o r t i f i c a t i o n , a s m a l l square 
box c o n t a i n i n g 25 l b . (11.4 k g 0 ) 5 s i m p l y f l u n g down c l o s e t o i t w i l l 
open a passage f o r troops,, „." 
J_heJingin_eer, 4 t h September 1863, p.136. 
( T h i s p a r t i c u l a r k i n d of e x p l o s i o n was p o p u l a r i n e x h i b i t i o n s of 
g u n — c o t t o n used f o r m i l i t a r y purposes; a hol e was blown i n a s e c t i o n 
of p a l l i s a d e , ready f o r i n f a n t r y t o e n t e r the breach i m m e d i a t e l y a f t e r w a r d s ) 0 
N e v e r t h e l e s s , the h i g h e x p l o s i v e p o t e n t i a l was a t l e a s t noted 
by c i v i l i a n u s e r s : 
"With g u n - c o t t o n o o o i t being found t h a t i t e x e r t s a 
p o w e r f u l s p l i t t i n g a c t i o n below as w e l l as above t h e p o i n t where 
the charge was s i t u a t e d 0 T h i s e f f e c t appears t o be due t o the 
e x t r e m e l y r a p i d a c t i o n of t h e g u n - c o t t o n ; b u t , whatever may be 
the cause, i t i s an e f f e c t which i s r e g u l a r l y f o u n d t o occur i n 
p r a c t i c e , and one which makes g u n - c o t t o n p a r t i c u l a r l y v a l u a b l e 
f o r q u a r r y i n g purposes..." 
E n g i n e e r i n g , 1 5 t h November 1867, p„467. 
Those p r o p e r t i e s of g u n - c o t t o n which were a p p r e c i a t e d i n c i v i l i a n 
work, e s p e c i a l l y t h o s e which were c a r r i e d o u t underground, were the near 
absence of smoke, wiiiuh a l l o w e d workmen t o r e t u r n q u i c k l y t o a f a c e a f t e r 
the s h o t s had been f i r e d , and the r e l a t i v e l y ^ innocuous n a t u r e o f the fumes 
g i v e n o f f by the explosion,, When g u n - c o t t o n was found t o g i v e o f f smoke 
and fumes i t was c l a i m e d t h a t i t was because a w a s t e f u l l y l a r g e charge had 
been used,which was supposed t o r e s u l t i n an i m p e r f e c t combustion of the 
g u n - c o t t o n . No workman's t e s t i m o n y on t h e m a t t e r can be c i t e d . A g a i n , 
t h e i n t r o d u c t i o n of d e t o n a t o r s i s l i k e l y t o have reduced any smoke or 
fumes which would have been g e n e r a t e d when g u n - c o t t o n was merely i g n i t e d . 
P r o b a b l y t h e most e x t e n s i v e and d e t a i l e d t r i a l s of g u n - c o t t o n f o r 
c i v i l use were those h e l d a t Green Thorn Quarry, A l l e n h e a d s , i n 
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Northumberland d u r i n g October of 1864„ The t r i a l s were i n s t i t u t e d 
by a Fir. Beaumont, ffl.Po who was a l s o the owner of the mines and q u a r r i e s 
used f o r t h e t r i a l s 0 Gun-cotton was used e x c l u s i v e l y and the e x p e r i m e n t s 
t o o k p l a c e b o t h i n an open q u a r r y and a t w o r k i n g s underground„ At 
A l l e n h e a d s t h e rock i s a hard limestone,, Since the account of the t r i a l s 
i s v e r y l o n g , o n l y a s y n o p s i s of the i m p o r t a n t p o i n t s w i l l be g i v e n , w i t h 
a few q u o t a t i o n s where these w i l l i l l u s t r a t e a p o i n t e c o n o m i c a l l y 0 
Two forms of g u n - c o t t o n were used a t A l l e n h e a d s : g r a n u l a t e d and 
compressed. The source o f the g u n - c o t t o n i s n o t g i v e n . G r a n u l a t e d 
g u n - c o t t o n was s a i d t o have been p r e p a r e d by m i x i n g d r y g u n - c o t t o n w i t h 
about 3 per c e n t of gum a r a b i c and then a d d i n g j u s t s u f f i c i e n t water t o 
wet t h e m i x t u r e 0 When r o l l e d i n a drum, the gummed c o t t o n took the form 
of s m a l l g r a n u l e s or f l o c c u l e s . T h i s sounds very much l i k e Abel's p a t e n t 
methodo Compressed g u n — c o t t o n was p r e p a r e d by c u t t i n g p i e c e s of f r o m 
one q u a r t e r t o one h a l f of one i n c h (6 mm - 12 mm) across f r o m s l a b s which 
2 
had been pressed f r o m p u l p under a p r e s s u r e of f i f t y pounds ( 3 0 5 kg/cm ) 
per square inch,, Both k i n d s o f g u n - c o t t o n were s e n t up t o All e n h e a d s 
i n ' c y l i n d r i c a l p a s t e b o a r d cases o f one i n c h d i a m e t e r and upwards,, 1 ' A l l 
h o l e s aere f i r e d w i t h t he o r d i n a r y miner's s a f e t y f u s e which was i n s e r t e d 
b e f o r e t h e e n t i r e charge had been i n t r o d u c e d , as i s the p r a c t i c e w i t h 
gunpowder,, ' 
There was a c a r e f u l r e g a r d f o r s a f e t y d u r i n g the A l l e n h e a d s t r i a l s , 
e s p e c i a l l y i n the p l a c i n g of charges? 
" A f t e r t h e charge was i n s e r t e d i n t o t he h o l e s and pressed 
down w i t h t he wooden r o d , a p l u g of c o t t o n waste was pushed down 
f o r t h e purpose of c a r r y i n g t o t h e bottom any p a r t i c l e s o f t h e gun-
c o t t o n c l i n g i n g t o t h e s i d e s of t h e h o l e . The l a t t e r was a f t e r -
wards tamped, as u s u a l , f i r s t w i t h c l a y , and a f t e r w a r d s w i t h d e b r i s 
of l i m e s t o n e i n a n e a r l y powdered s t a t e 0 " 
Sponi_*_8_ Dictionary ^ ^ L H i L i J l g ^ X i D R by ^° & Spon, Ed c Byrne, C h a r i n g 
Cross, London, 187D, V o l . I l l , p.1770 e t J 3 j 3 q 0 
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Shot=holes bored f o r t h e e x p e r i m e n t s were s u r p r i s i n g l y s h a l l o w , 
when compared w i t h those sunk elsewhere t o t e s t n i t r o g l y c e r i n e . T h i r t y 
i n c h e s (76 cm,) i s the deepest r e c o r d e d ; the l e a s t deep was f o u r t e e n 
i n c h e s (36 cm,). The diameter of s h o t = h o l e s was n o m i n a l l y one and one 
e i g h t h i n c h e s ( 3 c r n 0 ) , though i t was s t a t e d t h a t those sunk i n the h a r d e s t 
l i m e s t o n e t a p e r e d towards t h e bot t o m , A s h o r t r e f e r e n c e t o a d r i l l i n g 
machine of some k i n d i s p a r t i c u l a r l y i n t e r e s t i n g because, as has a l r e a d y 
been s a i d , t h e r e was a p r a c t i c a l l i m i t t o the depth of s h o t - h o l e which 
c o u l d e a s i l y be sunk by hand, 
" 0,o t h s g r e a t e r r a p i d i t y of e x p l o s i o n of the g u n - c o t t o n 
when i n t h e fo r m o f l i g h t g r a n u l e s ; i t may a l s o , i n some measure, 
be due t o t h e c i r c u m s t a n c e t h a t , i n a hole charged w i t h g u n - c o t t o n 
i n t he f o r m o f g r a i n s or s m a l l f r a g m e n t s , t h e charge i s i n c o n t a c t 
on a l l s i d e s w i t h r o c k , which i s n o t the case when g u n - c o t t o n rope 
i s employed, u n l e s s the h o l e i s p e r f e c t l y c y l i n d r i c a l , which i t 
v e r y seldom i s . T h i s remark does n o t ap p l y t o those made by the 
b o r i n g a p p a r a t u s o f Percy Westmacott, which i s p a r t i a l l y i n use 
a t AllenHeads n i n e s , and by which a p e r f e c t l y c y l i n d r i c a l h o l e i s 
e f f e c t e d , , , " 
The r e c o r d i n g of each i n d i v i d u a l s h o t f i r e d i s c o n c i s e and m a t t e r 
o f f a c t o There a r e , however, many of them and l i t t l e purpose would be 
served by e x t e n s i v e q u o t i n g . Number seven of the s h o t s f i r e d i n the 
mines a t A l l e n h e a d s i s s h o r t but e n t i r e l y r e p r e s e n t a t i v e of the many o t h e r s 
"A h o l e 15 i n , ( 3 8 cm,) deep, d r i v e n a l m o s t h o r i z o n t a l l y 
i n t o t h e r o c k , was a l s o charged w i t h 1 oz, (28 grams) of com= 
pressed g u n - c o t t o n . I n t h i s i n s t a n c e , a g a i n , a p o r t i o n of the 
h o l s was n o t blown away, but t h i s r e s u l t may have been, t o some 
e x t e n t , due t o an unsoundness of t h e hole a t the base, which was 
d i s c o v e r e d a f t e r t h e e x p l o s i o n 0 " 
The r e s u l t s , t h e c o n c l u s i o n s , of the Allenheads T r i a l s were t h a t 
t h e g r a n u l a t e d g u n - c o t t o n was more e f f e c t i v e as a b l a s t i n g agent t h a n 
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e q u a l q u a n t i t y o f g u n - c o t t o n r o p e . Compressed g u n — c o t t o n i n t h e form 
of ' s m a l l lozenge shaped f r a g m e n t s ' was s a i d t o e x h i b i t a s u p e r i o r i t y 
over the g r a n u l a t e d g u n - c o t t o n because i t o c c u p i e d l e s s space,, 
Techniques f o r u s i n g g u n - c o t t o n i n c i v i l i a n d e m o l i t i o n works were 
v e r y s u r p r i s i n g l y moderns t h e almost e l e g a n t d e m o l i t i o n works we are 
accustomed t o see on f i l m and t e l e v i s i o n , the c o l l a p s i n g of c o o l i n g 
towers and t h e l i k e i n t o t h e i r own bases so as t o l i m i t n a r r o w l y the 
range of damage f r o m f a l l i n g d e b r i s , were p r a c t i s e d a t l e a s t as e a r l y 
as 1875, and perhaps e a r l i e r . The f o l l o w i n g i s an example: 
" o o o on t h e e i g h t e e n t h u l t 0 demolished the chimney by means 
of compressed g u n - c o t t o n f i r e d i n s i d e the chimney by means of 
e l e c t r i c i t y , , At f i r s t a charge of 5 l b o (2.3 kg) of g u n — c o t t o n 
was s i m p l y p l a c e d i n s i d e the base o f the chimney and f i r e d , the 
r e s u l t b e i n g t o shake the whole s t r u c t u r e and t o dev e l o p t h e 
c r a c k s . A second charge of 8 l b o (3.6 k g ) , was t h e n f i r e d i n 
the same way? i t r e n t t h e chimney f r o m t o p t o bottom w i t h huge 
c r a c k s , b u t i t o n l y b r o u g h t down one c o n s i d e r a b l e mass, l e a v i n g 
the whole s t r u c t u r e d i v i d e d up i n t o segments. A t h i r d charge 
of 8 lb„ ( 3 0 6 kg) was f i r e d , when t h e whole mass came t o t h e 
ground, huge b l o c k s of masonry d e t a c h i n g themselves and f a l l i n g 
i n s u c c e s s i o n , u n t i l o n l y some t w e n t y f e e t ( 6 m . ) of the chimney 
was l e f t s t a n d i n g ... t h e o b j e c t o f f i r i n g these t h r e e charges was 
t o d i s i n t e g r a t e t h e chimney as much as p o s s i b l e so t h a t i t might 
break up i n f a l l i n g , and so a v o i d i n j u r y t o t h e s u r r o u n d i n g 
b u i l d i n g s . The whole mass f e l l c l o s e around the base, d o i n g 
h a r d l y any damage. 
I l l u s t r a t e d London Mews, 1 0 t h September 1875 
What amounts t o an anecdote i n the h i s t o r y of e x p l o s i v e s o c c u r r e d 
i n F ebruary of 1875 0 The s u r r o u n d i n g c i r c u m s t a n c e s are s i m p l e enough. 
F . A o Abel gave a s m a l l d e m o n s t r a t i o n o f g u n - c o t t o n i n use t o t h r e e 
members o f the government, Mr. G l a d s t o n e , f i r . Lowe, and Mr. A y r t o n . The 
d e m o n s t r a t i o n went wrong and the windows of one of the i n n e r c o u r t s o f 
the T r e a s u r y , uhsre t h e d e m o n s t r a t i o n t o o k p l a c e , were s h a t t e r e d . That 
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the Press was a l m o s t s i l e n t about the m a t t e r , and t h a t t h e C o t t o n 
Gunpowder Company went so f a r as t o u t t e r a d i s c l a i m e r t h a t i t was 
t h e i r powder which was used, aroused comments i n such magazines as 
E n g i n e e r i n g . The f o r m o f the d e m o n s t r a t i o n i s , however, e x t r e m e l y 
i n t e r e s t i n g ; 
t o w i t t h e c u t t i n g i n sunder o f a b a l k of t i m b e r 
p l a c e d i n t h e c o u r t y a r d and e n c i r c l e d w i t h a g i r d l e of gun-
c o t t o n r o p e , , , " 
E n g i n e e r i n g , 9 t h August 1872, p o 1 0 0 o 
The T r a n s p o r t and Storage o f Gun=cotton 
The r a i l w a y s appear t o have accepted the c a r r i a g e o f g u n - c o t t o n 
more or l e s s r e a d i l y w i t h i n t h e r u l e s a l r e a d y i n f o r c e f o r o t h e r 
e x p l o s i v e s and c o m b u s t i b l e s . Only one t r i a l appears t o have been 
r e c o r d e d d u r i n g t h e second phase o f g u n — c o t t o n development,, And s i n c e 
t h e r e was o n l y one m a n u f a c t u r e r o f g u n - c o t t o n p r o p e r , o t h e r than the 
government, i t may be t h a t t h i s was the o n l y d e m o n s t r a t i o n needed 0 
The most d e t a i l e d account found was i n t h e magazine E n g l i s h Mechanic; 
s h o r t e r r e f e r e n c e s t o t h e same t r i a l occur from t i m e t o t i m e as p a r t of 
a r t i c l e s of g e n e r a l i n t e r e s t i n l i k e j o u r n a l s . T h i s may a l s o i n d i c a t e 
t h a t o n l y a s i n g l e t r i a l t o ok p l a c e . 
However, r a i l w a y c o n f i d e n c e , a l o n g w i t h g e n e r a l p u b l i c c o n f i d e n c e , 
was shaken v e r y b a d l y by t h e 1871 Stowmarket e x p l o s i o n . The work was 
a l l t o be done over a g a i n . 
Carriage_.gJ'_Guji°coJb^n_by r a i j ^ 
"We are i n r e c e i p t of p a r t i c u l a r s of an i n t e r e s t i n g 
e x p e r i m e n t l a t e l y made a t York f o r the purpose o f d e t e r m i n i n g 
the amount o f r i s k t o be i n c u r r e d i n the conveyance o f compressed 
g u n - c o t t o n charges by r a i l , made by Mr, P r e n t i c e , t h e Managing 
D i r e c t o r of t h e Gun-cotton Company,, 
-197= 
A s m a l l box of c o t t o n c o n t a i n i n g 125 charges 0 . „ was 
t a k e n i n t o a f i e l d , A f u s e was i n s e r t e d . a i d lighted„ When 
the f u s e reached t h e g u n ~ c o t t o n t h e r e was a g r e a t b l a z e l i k e 
t h e b u r n i n g o f a heap o f l o o s e s t r a w , b u t no e x p l o s i o n 0 ° „ 
the box was o f wood about h a l f an i n c h (1,3 cm,) t h i c k , and 
was n a i l e d , but n o t bound w i t h i r o n , a t t h e c o r n e r s ; i t was 
one o f the o r d i n a r y packages used f o r sending t h e c o t t o n o u t . 
S e v e r a l charges were t h e n l a i d on t h e r a i l s near the 
c o a l depots of t h e N o r t h E a s t e r n Railway and c o a l waggons ru n 
over them; some were i g n i t e d , o t h e r s were n o t 0 Some of them 
were pl a c e d so t h a t an engine s h o u l d pass over them; they 
were a l l i g n i t e d „,, I n a l l cases the i g n i t i o n was produced 
by concussion,, „ „ The r e s u l t s of the e x p e r i m e n t s c o n v i n c e d the 
r a i l w a y company's agent t h a t g u n ~ c o t t o n may be c a r r i e d w i t h 
s a f e t y a l o n g w i t h o t h e r goods i n o r d i n a r y waggons, a d o p t i n g 
the same r u l e s as now a p p l y t o t h e conveyance o f c a r t r i d g e s . " 
E n g l i s h Mechanic and M i r r o r o f Science,; 
1 s t May, 1868, p,124 0 
The P o s i t i o n o f the P a t e n t S a f e t y Gun°cotton Company 
Messrs, P r e n t i c e and Sons of Stowmarket h e l d by f a r t h e most 
i m p o r t a n t p l a c e i n t h e p r o d u c t i o n of n i t r o = c e l l u l o s e e x p l o s i v e s f o r 
many y e a r s . L a t e r t h e r e were o t h e r k i n d s of n i t r o - c e l l u l o s e 
e x p l o s i v e s , but these were made f r o m wood, p e a t , r a g s , e s p a r t o ~ g r a s s , 
and so on. They are f o r t h e most p a r t known o n l y by t h e i r p a t e n t 
specifications„ A l l had t o reduce t h e base m a t e r i a l t o a f o r m s u i t a b l e 
f o r n i t r a t i o n , which made f o r h i g h e r m a n u f a c t u r i n g c o s t s . One of these 
e x p l o s i v e s , S c h u l t z Powdery w i l l be t r e a t e d i n t h i s work. 
The p o s i t i o n o f Messrs,, P r e n t i c e and Sons i n 1871 i s g i v e n i n t h e 
f o l l o w i n g e x t r a c t s 
" I n t h i s f o r m and under t h i s t i t l e ( P a t e n t S a f e t y Gun°Cotton) 
gun«cotton has assumed i n t h i s c o u n t r y an i m p o r t a n c e f a r g r e a t e r 
t h a n i t has a t any t i m e i n any other,, I t i s now l a r g e l y employed 
f o r b l a s t i n g s l a t e i n Great B r i t a i n , and i t s manufacture has 
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reached the amount of 100 t o n s (98„5 t o n n e s ) per annum,, So 
i n c r e a s i n g l y g r e a t i s the demand f o r t h i s a r t i c l e t h a t Messrs. 
P r e n t i c e are a t the p r e s e n t t i m e engaged i n the m u l t i p l i c a t i o n 
of t h e i r power of p r o d u c t i o n t o f o u r times i t s p r e s e n t c a p a c i t y , , " 





T h i s s e c t i o n o f t h e work w i l l g i v e c o n s i d e r a t i o n t o t h e d i s c o v e r y 
and l a t e r use of n i t r o g l y c e r i n e as an e x p l o s i v e , t h a t i s t o say, t o t h e 
use o f t h e pure n i t r o g l y c e r i n e i n i t s l i q u i d f o r m . M a t e r i a l d e a l i n g 
w i t h t h e use of n i t r o g l y c e r i n e i n i t s u n s t a b i l i s e d f r o m i n the U n i t e d 
Kingdom i s •= a p p a r e n t l y =• s c a r c e . T h i s i s n o t perhaps so s u r p r i s i n g 
when i t i s c o n s i d e r e d j u s t how s h o r t a span of t i m e l i e s between i t s 
i n t r o d u c t i o n i n t o t h e c o u n t r y by Nobel i n 1864 and i t s e f f e c t i v e pro= 
h i b i t i o n by t h e terms of t h e N i t r o g l y c e r i n e Act of 1869 0 A l l o w beyond 
t h i s £hat i t no doubt t o o k some time t o promote t h e use o f the e x p l o s i v e 
a f t e r i t s i n t r o d u c t i o n ^ a l l o w a l s o t h a t the a c c i d e n t a l e x p l o s i o n s which 
o c c a s i o n e d t h e l e g i s l a t i o n and the i n v e n t i o n of Dynamite Number One b o t h 
s e r v e d t o pre-empt t h e l e g i s l a t i o n , and i t w i l l be seen t h a t t he a c t u a l 
p e r i o d when n i t r o - g l y c e r i n e was used f o r b l a s t i n g i n t h i s c o u n t r y was no 
l o n g e r t h a n a few y e a r s . I t i s w i t h these few ye a r s t h a t t h i s s e c t i o n 
w i l l be concerned. 
However, t o e n t e r i n t o any d i s c u s s i o n of n i t r o g l y c e r i n e , a s i t was 
used i n tho U n i t e d K i n g d o m , d i r e c t l y , w i t h o u t even a s h o r t preamble, i s 
t h o u g h t t o be t o o a b r u p t an approach. I t w i l l be necessary t o devote 
a few paragraphs t o t h e d i s c o v e r y o f n i t r o g l y c e r i n e | t o say a l i t t l e 
o f t he i n v e n t o r , t o o u t l i n e t h e q u a r r e l which arose over Sobrero's 
primacy of i n v e n t i o n , and t o make a few s h o r t o b s e r v a t i o n s on the 
c o n d i t i o n s p r e v a i l i n g w i t h r e g a r d t o the s c i e n c e and t e c h n o l o g y of 
e x p l o s i v e s a t t h e t i m e of the i n v e n t i o n . 
Sobrero^s Discov/Bry__of N i t r o g l y c e r i n e 
Ascanio Sobrero was born a t Casale on 12th October 1812 0 At t h e 
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age o f t w e n t y he took a degree i n medicine a t t h e U n i v e r s i t y of T u r i n . 
He d i d n o t , however, p r a c t i s e m e d i c i n e - i n s t e a d he worked as a chemist 
i n a p r i v a t e l a b o r a t o r y 0 I n 1 8 4 0 , Sobrero went t o P a r i s where he 
worked under T h e o p h i l e Dules Pelouze. Sobrero e v i d e n t l y impressed h i s 
master f o r Pelouze was t o w r i t e of hims 
' I have never known a young man more z e a l o u s , more i n d u s t r i o u s , 
more capable than he." 
The g r e a t L i e b i g p r a i s e d Sobrero w i t h a l i k e e n t h u s i a s m when, i n 
1 8 4 3 , t h e I t a l i a n went t o s t u d y i n Germany,, 
I n 1 8 4 5 Sobrero was a p p o i n t e d t o one of two c h a i r s o f Chemistry 
a t Turin,, I t was he r e , as P r o f e s s o r o f a p p l i e d c h e m i s t r y and mechanics, 
i n l a t e ^ 1 8 4 6 , t h a t Sobrero began a s e r i e s o f e x p e r i m e n t s on t h e n i t r a t i o n 
o f s ugar, r u b b e r , d e x t r o s e , m a n n i t e , l a c t o s e and g l y c e r i n e 0 T h i s p a r t 
o f Sobrero's work cannot be t r e a t e d deeply here. The q u o t a t i o n s g i v e n 
below, however, are t a k e n f r o m a t r a n s l a t i o n of Sobrero's o r i g i n a l paper. 
The source i s , so f a r as i s known, the o n l y e x t e n s i v e one a v a i l a b l e i n 
E n g l i s h ? H i s t o r i c a l Papers on E x p l o s i v e s by George U„ MacDonald, r-lc,Sc0 
( H e l b o ) , U h i t t a k e r & Co 0, London, ( 1 9 1 2 ) , p p „ 1 6 0 - 1 6 3 o 
" G l y c e r i n , under c e r t a i n c i r c u m s t a n c e s , i s v e r y r e a d i l y 
o x i d i z e d . N i t r i c a c i d r e a c t s on i t very e n e r g e t i c a l l y , p r o -
d u c i n g o x a l i c a c i d , and, i n a l l p r o b a b i l i t y , i n t e r m e d i a t e com= 
pounds of a.more c o m p l i c a t e d n a t u r e a r e formed. I f c o n c e n t r a t e d 
n i t r i c a c i d or a m i x t u r e o f two volumes of s u l p h u r i c a c i d o f 
1 . 8 4 s p 0 g r . and one volume o f n i t r i c a c i d o f 1 . 5 sp 0gr„ i s added 
t o g l y c e r i n , c o n c e n t r a t e d t o a syrupy c o n d i t i o n , a very v i o l e n t 
r e a c t i o n i s s e t up, w i t h t h e e v o l u t i o n of v e r y c o n s i d e r a b l e quan-
t i t i e s of o x i d e s o f n i t r o g e n . I f , however, we r e v e r s e t h e process,, 
Sobrero c o u n s e l s the a d d i t i o n of the g l y c e r i n e t o t h e a c i d s , and 
t h a t t h e a c i d s s h o u l d be c h i l l e d . I t i s w o r t h p o i n t i n g o u t t h a t Sobrero 
mentions t h e use o f n i t r i c a c i d a l o n e b e f o r e he mentions a m i x t u r e of 
-201= 
a c i d s . Nowhere, i n MacDonald's t r a n s l a t i o n o f Braconnot's 1833 paper, 
i s t h e r e mention o f a n y t h i n g b u t unmixed n i t r i c a c i d b e i n g used i n the 
p r e p a r a t i o n o f nitro~starch„ And, as w i l l be seen p r e s e n t l y , Sobrero 
used s u l p h u r i c a c i d i n a way which suggests t h a t he was w e l l aware o f i t s 
s t r o n g a f f i n i t y f o r w a t e r , 
",,, and pour t h e g l y c e r i n i n t o a m i x t u r e of a c i d s k e p t 
a t a t e m p e r a t u r e o f s e v e r a l degrees below z e r o , t h e r e a c t i o n 
i s q u i t e d i f f e r e n t . The g l y c e r i n goes i n t o s o l u t i o n i n mixed 
a c i d s , and w i t h g r e a t e r r e a d i n e s s by c o n s t a n t s t i r r i n g , When 
the g l y c e r i n has been c o m p l e t e l y d i s s o l v e d , t h e c o n t e n t s o f the 
v e s s e l a r e poured i n t o d i s t i l l e d water a t o r d i n a r y t e m p e r a t u r e , " 
D i s s e n s i o n arose when Sobrero w r o t e t o Pelouze t e l l i n g o f h i s d i s -
c o v e r y o f n i t r o g l y c e r i n e , and c l a i m i n g t h a t he had a l s o d i s c o v e r e d c e r t a i n 
n i t r o - s u g a r s o U n f o r t u n a t e l y , Pelouze had t h e n r e c e n t l y d e s c r i b e d the 
work o f F l o r e s , Domente, and f l i n a r d i n t h e n i t r a t i o n of s u g a r s , i n 
Comptes Rendue, Sobrero, however, c l a i m e d f o r h i m s e l f an a b s o l u t e 
precedence, even f o r the c o n e e p t i o n o f t h e work which l e d t o t h e d i s c o v e r y , 
P e l ouze, w h i l e he a r r a n g e d t o have Sobrero's communication 
p u b l i s h e d i n Comptes Rendus, annexed t o the paper a c l a i m t h a t Sobrero 
had made t h e d i s c o v e r y years b e f o r e when w o r k i n g i n Pelouze's own 
l a b o r a t o r y , , The i m p l i c a t i o n , and t h e e t i q u e t t e of the t h i n g , was t h a t 
P e l o uze, as master, was e n t i t l e d t o c r e d i t f o r the d i s c o v e r y of h i s 
a p p r e n t i c e , Pelouze was, o f c o u r s e , a Frenchman? Sobrero was an 
I t a l i a n and a p a s s i o n a t e s u p p o r t e r of t h e r j i s p r j ^ i m ^ r r t g ^ . 
T hroughout h i s l i f e Sobrero was t o c l a i m , f o r I t a l y , t h a t t h e 
d i s c o v e r y o f n i t r o g l y c e r i n e had been made by h i m s e l f , a l o n e , when he 
was P r o f e s s o r a t T u r i n , Oscar Guttman, i n a f o o t n o t e t o the h i s t o r i c a l 
i n t r o d u c t i o n i n t h e f i r s t volume of h i s t r e a t i s e on the manufacture of 
e x p l o s i v e s makes a p o i n t of m e n t i o n i n g ; 
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"The a u t h o r was- once s p e c i a l l y r e q u e s t e d by P r o f e s s o r 
Sobrero t o <,<,, emphasise t h e f a c t t h a t t h e i n v e n t i o n was made 
i n h i s own l a b o r a t o r y when P r o f e s s o r a t T u r i n , He was an 
I t a l i a n , w i t h s t r o n g p a t r i o t i c f e e l i n g s , and seems t o have been 
s p e c i a l l y s e n s i t i v e on t h i s p o i n t o " 
The s t a n c e t a k e n by Pelouze f o r France can a l s o be u n d e r s t o o d . 
Having, i n thB work of Braconnot, e s t a b l i s h e d a c l a i m t o the d i s c o v e r y 
of t h e g e n e r a l l y a p p l i c a b l e p r a c t i c e o f t r e a t i n g o r g a n i c substances 
w i t h n i t r i c a c i d , i t was no doubt f r u s t r a t i n g t o French n a t i o n a l i s m t o 
be t h w a r t e d by, f i r s t , Schohbein w i t h g u n ~ c o t t o n , and t h e n by a French--
t r a i n e d I t a l i a n c h e m i s t , i n t h e case o f n i t r o g l y c e r i n e , 
Sobrero announced t h e d i s c o v e r y o f the compound which he proposed 
t o c a l l P l r n q l y c e r i n a i n a paper p r e s e n t e d t o t h e T u r i n Academy of S c i e n c e , 
The paper which was d a t e d 2 1 s t February 1847 was e n t i t l e d Some new 
f u l m i n a t i n g p r o d u c t s o b t a i n e d by t h e a c t i o n of n i t r i c a c i d on some 
v e g e t a b l e o r g a n i c s u b s t a n c e s . 
Of the o t h e r substances = s u g a r , d e a t r i n e , l a c t i n e , mannite <= 
which Sobrero had t r e a t e d , a l l were more or l e s s e x p l o s i v e i n c h a r a c t e r . 
N i t r o g l y c e r i n e was remarkable because i t was found t o be an e x c e ^ t i o n a j j t y _ 
p o w e r f u l e x p l o s i v e , , 
D u r i n g the months which l a y between i n i t i a l d i s c o v e r y , ' l a t e i n 
1 8 4 6 % and h i s p u b l i c a t i o n i n February of 1847, Sobrero had t a k e n p a i n s 
t o moke a t h o r o u g h s t u d y o f n i t r o g l y c e r i n e , Much of h i s paper i s con= 
c e r n s d w i t h t h e p h a r m a c o l o g i c a l p r o p e r t i e s of h i s d i s c o v e r y , which 
c l e a r l y Sobrero c o n s i d e r e d t o be as i m p o r t a n t as the e x p l o s i v e , 
"Drops o f an o i l y l i q u i d i m m e d i a t e l y c o l l e c t a t t h e 
b o t t o m o f t h e v e s s e l c o n t a i n i n g the w a t e r , and f i n a l l y j o i n 
t o g e t h e r t o f o r m a d i s t i n c t l a y e r N i t r o g l y c e r i n can be 
r e a d i l y f r e e d from a d h e r e n t a c i d by washing w i t h w a t e r , i n 
which i t i s i n s o l u b l e , and, on p l a c i n g i t i n a vacuum over 
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s u l p h u r i c a c i d , t h e t r a c e s of a d h e r e n t water a re absorbed and a 
t r a n s p a r e n t l i q u i d o b t a i n e d . I t i s o f a l i g h t c o l o u r , h i g h l y 
r e f r a c t i v e , and remains l i q u i d down t o a t e m p e r a t u r e o f =20°C<, 
I t i s s o l u b l e i n a l c o h o l and i n e t h e r and may be o b t a i n e d i n a 
h i g h s t a t e of p u r i t y by d i s s o l v i n g i t i n a l c o h o l and r e p r e c i p i t a t i n g 
w i t h water , „, the p r o p e r t i e s of n i t r o g l y c e r i n are remarkable,, , , 1 1 
Sobrero goes on t o g i v e a d e t a i l e d account of the p r o p e r t i e s of 
n i t r o g l y c e r i n e , p a r t i c u l a r l y o f t h e c o n d i t i o n s under which he found 
i t c o u l d be i n d u c e d t o explode,, 
D i s c o v e r y i s n o t development,, Ascanio Sbbrero c o n t i n u e d i n h i s 
c o n n e c t i o n w i t h n i t r o g l y c e r i n e , , But i t was as a subordinate,, I n l a t e r 
y e a rs he was employed by Nobel as c o n s u l t i n g c h e m i s t t o the A v i g l i a n a 
dynamite f a c t o r y , , 
There c o u l d h a r d l y have been a l e s s a u s p i c i o u s t i m e f o r the 
d i s c o v e r y of n i t r o g l y c e r i n e , , Schonbein's d i s c o v e r y of g u n = c o t t o n 
e l e v e n or so months b e f o r e Sobrero p u b l i s h e d h i s paper;, must have 
d i v e r t e d much a t t e n t i o n •= and a l s o much j o u r n a l space - f r o m Sobrero's 
announcement. By February o f 1847, i n t e r e s t i n g u n = c o t t o n = f o r which 
a p p l i c a t i o n s were a p p a r e n t = had t u r n e d t o e x c i t e m e n t . There may have 
been l i t t l e n o t i c e o f papers p u b l i s h e d i n I t a l y , I t a l i a n , i n the 
1840's, had n o t resumed i t s p l a c e as a m a j o r i t y s c i e n t i f i c language. 
C e r t a i n l y , t h e r e was l i k e l y t o be no p l a c e f o r any papers by Sobrero 
i n t he French j o u r n a l s . 
I f Schonbein's d i s c o v e r y o f g u n = c o t t o n obscured the advent of 
Sobrero's n i t r o g l y c e r i n e , t he g e n e r a l abandonment of g u n = c o t t o n a f t e r 
t h e d i s a s t r o u s e x p l o s i o n s a t Vincennes, Bouchet, and E/aversham must 
have done much t o ensure n i t r o g l y c e r i n e ' s r e l e g a t i o n t o the p o s i t i o n 
-204= 
of a dangerous c h e m i c a l c u r i o s i t y f o r the ne x t f i f t e e n y e a r s . 
And f i n a l l y , something can be s a i d o f Sobrero's own a t t i t u d e 
t o t h e compound he had discovered,, He h i m s e l f l o o k s not t o have 
c o n s i d e r e d n i t r o g l y c e r i n e t o have been any more u s e f u l than any of 
the o t h e r nitro-compounds he had d i s c o v e r e d , A g a i n , q u o t i n g f r o m 
MacDonald's t r a n s l a t i o n , Sobrero wrote some f i v e months a f t e r t h e 
f i r s t p u b l i c a t i & n of h i s paper: 
"The g r e a t e r number of these e x p l o s i v e bodies have 
shown themselves t o be unstable,, I t i s o n l y a q u e s t i o n 
o f a l o n g e r or s h o r t t i m e b e f o r e t h e y b e g i n t o decompose 
w i t h p r o d u c t i o n of n i t r o g e n dioxide,, „<>" 
Few E n g l i s h language sources make more t h a n p a s s i n g r e f e r e n c e 
t o t h e i m p o r t a n t c o n t r i b u t i o n made t o t h e c h e m i s t r y u f e x p l o s i v e s by 
t h e work of S o b r e r o 0 T h i s i s understandable,, At t h e t i m e , the 
o r g a n i s a t i o n of communication, even i n t h e s c i e n c e s , was not w e l l 
developed,, The m a t e r i a l f o r t h i s s e c t i o n of t h e p r e s e n t work was 
sparse;; i t would have been even more sparse had i t n o t been f o r the 
f i n d i n g of a s i n g l e American a r t i c l e which n o t o n l y gave more 
b i o g r a p h i c a l d e t a i l s of Sobrero than c o u l d be found anywhere e l s e , b u t 
a l s o gave r e f e r e n c e t o a number o f contemporary and near=contemporary 
books and papers i n t h e I t a l i a n language w h i c h , were t h e r e an 
o p p o r t u n i t y , c o u l d l e a d t o a much more d e t a i l e d s t u d y o f Sobrero and 
h i s worko 
The a r t i c l e was N i t r o g l y c e r i n ; The E x p l o s i v e Drug by Linda Culp 
Holmes and F r e d e r i c k 3o D i C a r l o , C o l l e g e of St„ E l i z a b e t h , Convent 
S t a t i o n , New Jersey 07961, which appeared i n J o u r n a l o f Chemical 
E d u c a t i o n (UoS.A.) Volo48, Number 9, September 1971„ The ' L i t e r a t u r e 
C i t e d ' appendix t o the a r t i c l e gave t h e f o l l o w i n g s o u r c e s ; 
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l o F i n o \lo, "Ascanio Sobrero";, T o r i n o 1889, pp 06~8,12, 22~24 0 
2 0 S o b r e r o , A„, Compt„ Rend 0 25, 247 (1847)„ 
3 0 S o b r e r o , A 0, "La N i t r o q l y c e r i n a p La M i t r o m a n n i t e e La 
C e l l u l o s e N i t r i c a 0 " A c a d e m i a . d e l l a Science d i T o r i n o , 
V o l . V, 1870, p„670=677(, 678 0 
4 0 S o b r e r o , A o g CompoRendo, 83, 3 5 1 , (1876) 
The C o n n e c t i o n between Sobrero's D i s c o v e r y and Nobel's 
A p p l i c a t i o n of N i t r o g l y c e r i n e 
The l i n k between Sobrero's d i s c o v e r y of n i t r o g l y c e r i n e and Nobel's 
development of i t i n t o a useable e x p l o s i v e was a r e l a t i v e l y d i r e c t one 0 
Nobel was, when he was a young man and was l i v i n g i n St„ P e t e r s b u r g , a 
s t u d e n t of the Russian S c i e n t i s t , P r o f e s s o r N»H, Z i n i n o Z i n i n had 
worked w i t h n i t r o g l y c e r i n e f o r some t i m e b e f o r e 1863 w i t h h i s c o l l e a g u e , 
t h e c h e m i s t , V„ P e t r u s h e v s k i i o 
The Advantages o f f e r e d by N i t r o g l y c e r i n e 
The g r e a t e s t expense i n t h e c a r r y i n g o u t of a b l a s t i n g o p e r a t i o n 
l a y n o t i n the c o s t of t h e powder or t h e n i t r o g l y c e r i n e used, but i n 
the l a b o u r and the t i m e expended i n b a t t e r i n g a s h o t = h o l e i n t o t h e 
rocko The terms o f t h e c o s t •= b e n e f i t e q u a t i o n f o r an e x p l o s i v e was 
c o s t of powder p l u s the c o s t o f p l a c i n g the powder, a g a i n s t the q u a n t i t y 
o f rock sundered,, T h i s would be w e l l u n d e r s t o o d by miners,, The 
Engineer o f 1 2 t h November 1865 ( p 0 8 5 ) was a t some p a i n s t o p r e s e n t 
t h i s p o i n t t o i t s r e a d e r s by q u o t i n g the i n v e n t o r ; 
" o o o From a paper addressed by him ( N o b e l ) t o t h e Academy 
of Sciences we l e a r n t h a t the c h i e f advantage which t h i s substance 
o o o possesses i s t h a t i t r e q u i r e s a much s m a l l e r h o l e or chamber 
t h a n gunpowder does, the s t r e n g t h of the l a t t e r b eing s c a r c e 
one t e n t h of t h e f o r m e r 0 Hence the miner's work, which a c c o r d i n g 
t o t h e hardness o f the r o c k , r e p r e s e n t s f i v e t o t w e n t y times the 
p r i c e o f the gunpowder used, i s so s h o r t t h a t the c o s t of t h e 
b l a s t i n g i s reduced by 50 per c e n t O o o " 
Chemical_Engineejrjj2g^_Nj3ws_, Volo VL ( 1 9 6 7 ) , p„114 0 
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The a c t u a l p o i n t o f advantage p r o b a b l y was t h a t the d i a m e t e r 
of the h o l e needed t o be much l e s s than was u s u a l when o t h e r e x p l o s i v e s 
were usedo The amount o f e x p l o s i v e which c o u l d be p u t i n p o s i t i o n 
c o u l d be no g r e a t e r •= i n hard rock = than t h e c a p a c i t y o f the extreme 
end o f the shot=hole„ And w i t h an o r d i n a r y s t e e l jumper bar ( o r , 
i n d e e d , w i t h a compressed a i r d r i v e n r o c k - d r i l l ) t h e r e was no way i n 
which the s h o t = h o l e c o u l d be e n l a r g e d t o t a k e more e x p l o s i v e w i t h o u t 
e n l a r g i n g t h e b o r i n g a l o n g i t s e n t i r e l e n g t h s A sledge-hammer w i l l 
more q u i c k l y d r i v e a t h i n jumper bar i n t o r o c k t h a n i t w i l l a t h i c k one a 
I t m i g h t be s a i d t h a t n i t r o g l y c e r i n e s o n l y advantage l a y i n i t s 
a b i l i t y t o s h a t t e r hajrd_ rocks the harder the r o c k the g r e a t e r became 
the need t o d e r i v e the maximum r e s u l t f r o m t h e minimum e f f o r t i n s i n k i n g 
t h e shot-hole,, Where the r o c k was s o f t e r i t may w e l l have been more 
economical t o use a l e s s p o w e r f u l , cheaper, e x p l o s i v e 0 F 0A„ Abel 
remarked upon the somewhat s p e c i a l i s t a p p l i c a t i o n s open t o n i t r o g l y c e r i n e 
" I n Wales, i t was used by some quarry=owners as a most 
e f f i c i e n t agent f o r t u n n e l l i n g and f o r removing t h e hard r o c k 
o v e r l y i n g the s l a t e , , „o** 
N i t r o g l y c e r i n e would have been u n l i k e l y t o have been used i n 
s i t u a t i o n s where i t was the aim t o e x t r a c t t h e r o c k r a t h e r t h a n j u s t 
t o s h a t t e r i t 0 
The M a n u f a c t u r e of N i t r o g l y c e r i n e 
No d e s c r i p t i o n s o f t h e manufacture of n i t r o g l y c e r i n e i n the 
U n i t e d Kingdom f o r the p e r i o d 1862 = 1875 can be o f f e r e d . The v e r y 
many accounts which can be found i n the j o u r n a l s and c h e m i c a l t e & t s 
o f t h e p e r i o d are of f o r e i g n provenance. That t h i s s h o u l d be so can 
be explained,, Nobel's p a t e n t f o r a r e l a t i v e l y s a f e method of manufacture 
gave him l e g a l p r o t e c t i o n i n t h e U n i t e d Kingdom,, No chemist making the 
^ I n s t i t u t i o n o f C i v i l E n g i n e e r s , Uol„XLU, 1 4 t h Way 1872, Paper No„1342 -
"Explosj^ve^ Agents a p p l i e d t o I n d u s t r i a l Purposes. ( p 0 3 4 l ) o 
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e x p l o s i v e i l l i c i t l y would w i s h t o have the f a c t a d v e r t i s e d i n a 
j o u r n a l ? and a f t e r 1869, a s we s h a l l see, the compound was f o r a 
tim e under severe p r o s c r i p t i o n 0 
For t h e above g i v e n reasons the two p r i n c i p a l e x t r a c t s c i t e d 
here are f r o m overseas s o u r c e s which were p u b l i s h e d i n the E n g l i s h 
j o u r n a l S o The f i r s t g i v e s t h e e s s e n t i a l s of Nobel's p r o c e s s . T h i s 
i s i m p o r t a n t i n i t s e l f . The second i s a d e s c r i p t i o n of the c n - s i t e 
m a n u f a c t u r e of t h e e x p l o s i v e i n t h e U„S„A„, where n i t r o g l y c e r i n e 
l o o k s t o have been much more r e a d i l y accepted and more b o l d l y a p p l i e d 
t h a n i t was i n t h i s c o u n t r y 0 The American m a t e r i a l i s used because 
of t h e c l a r i t y o f d e t a i l i t o f f e r s , 
A l f r e d Nobel manufactured n i t r o g l y c e r i n e c o m m e r c i a l l y i n 1862 a t 
a f a c t o r y which he had b u i l t f o r the purpose a t Heleneborg, near 
Stockholm, A f t e r t h e Heleneborg f a c t o r y had been wrecked i n an 
e x p l o s i o n , Nobel worked o u t a m o d i f i c a t i o n t o h i s o r i g i n a l process of 
m a n u f a c t u r e . I t was t h i s p rocess which was embodied i n Nobel's B r i t i s h 
p a t e n t , No,1813, of 2 0 t h J u l y 1864, 
I n the o r i g i n a l process t h e g l y c e r i n e had been added i n a f i n e 
t r i c k l e t o t h e c h i l l e d m i x t u r e o f a c i d s . The r e l a t i v e l y s m a l l i n c r e m e n t 
of g l y c e r i n e g o i n g i n t o a l a r g e body of s t r o n g a c i d s was thought t o l e a d 
t o an i n c r e a s e i n the p r o b a b i l i t y of d e c o m p o s i t i o n and e x p l o s i o n . To 
a v o i d t h i s , N o b e l mixed t h e g l y c e r i n e and the s u l p h u r i c a c i d t o g e t h e r 
f i r s t . Only when the r e a c t i o n between these two had been completed 
was t h e n i t r i c a c i d t hen s l o w l y added. 
The whole of the r e a c t i o n w i t h the n i t r i c a c i d was not a l l o w e d 
t o r i s e above 4,5 C. 
The process was e c o n o m i c a l . I f , when the f i r s t f o r m a t i o n o f 
n i t r o g l y c e r i n e had been d e c a n t e d , the t e m p e r a t u r e of t h e r e m a i n i n g 
a c i d was l o w e r e d t o ~ 1 0 ° C , a f u r t h e r p r o p o r t i o n of n i t r o g l y c e r i n e 
s e p a r a t e d o u t , the s p e n t a c i d s c o u l d be r e g e n e r a t e d . 
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As an a l t e r n a t i v e t o the above, Nobel suggested a d i r e c t and 
r a p i d method f o r t h e p r o d u c t i o n o f n i t r o g l y c e r i n e . The e n t i r e 
charge o f g l y c e r i n e was t o be poured a t once i n t o a m i x t u r e o f two 
p a r t s of s u l p h u r i c and one p a r t o f n i t r i c a c i d 0 The m i x t u r e was t o 
be s t i r r e d v e r y b r i s k l y and then poured q u i c k l y i n t o an excess o f 
c o l d w a t e r . The heat e v o l v e d i n t h i s k i n d o f r e a c t i o n was a l a r m i n g . 
But t h e y i e l d of e x p l o s i v e was such as t o show t h a t v e r y l i t t l e n i t r o -
g l y c e r i n e was l o s t by d e c o m p o s i t i o n . 
The f i r s t method would seem t o have been more s u i t e d t o the 
l a r g e r s c a l e of manufactures the second would perhaps have been 
s a f e r t o use i n s m a l l - b a t c h p r o d u c t i o n ^ , 
Nobel a l s o s u ggests i n h i s p a t e n t s p e c i f i c a t i o n t h a t t he 
'monohydrate of p h o s p h o r i c a c i d ' ( p r o b a b l y Meta^Phosphoric A c i d 2 HPO^) 
c o u l d be used t o f u l f i l the f u n c t i o n of t h e s u l p h u r i c a c i d i n the 
r e a c t i o n s the a b s o r p t i o n of the water r e l e a s e d by the a c t i o n of 
t h e n i t r i c a c i d upon the g l y c e r i n e , 
Moubray's P r e p a r a t i o n of N i t r o g l y c e r i n e f o r the Hoosac Tunnel 
"The n i t r o — g l y c e r i n e i s made a t the l a b o r a t o r y c o n s t r u c t e d 
f o r t h e purpose near the s h a f t , under the d i r e c t i o n of Mr, George 
H, Mowbray, who has r e c e n t l y made some v a l u a b l e improvements i n 
i t s m a n u f a c t u r e . They f r e q u e n t l y make here 150 l b , (68 Kg) 
d a i l y . On e n t e r i n g the c o n v e r t i n g department of these works the 
f i r s t o b j e c t which a t t r a c t s t he a t t e n t i o n i s a l o n g t r o u g h 
r e s e m b l i n g a manger f o r f e e d i n g h o r s e s , about t h r e e f e e t ( 9 1 cm,) 
above the f l o o r , and f i f t y f e e t (15<,24 o) i n whole e x t e n s i o n , 
f i l l e d w i t h i c e and a l i t t l e s a l t . 
I n t h i s , about two f e e t ( 6 1 cm,) a p a r t , are e a r t h e n j a r s 
h o l d i n g a g a l l o n (4,546 l i t r e s ) each, t h e i r tops p r o j e c t i n g two 
or t h r e e i n c h e s (6 cm = 8 cm) above t h e i c e . I n these j a r s 
a r e the n i t r i c and s u l p h u r i c a c i d s . I m m e d i a t e l y over t h e j a r s , 
two f e e t above, r e s t i n g i n a wooden r a c k , a r e i n v e r t e d cans, 
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h o l d i n g about one q u a r t o f g l y c e r i n e , , T h i s drops i n t o t h e a c i d 
below, where t h e r e a c t i o n t a k e s p l a c e , and n i t r o g l y c e r i n e i s 
f o r m e d , which f a l l s t o t h e b o t t o m of the j a r . Fir. Mowbray 
a g i t a t e s h i s a c i d s w i t h c o l d air„ For t h i s purpose he l e a d s 
the c o l d a i r r e s u l t i n g f r o m t h e p a r t i a l e x pansion of compressed 
a i r i n t o t h e l a b o r a t o r y t h r o u g h i r o n p i p e s , and over each j a r o f 
a c i d i s a cock t o which a r u b b e r tube i s a t t a c h e d . On t h e end 
of t h i s i s a g l a s s t u b e 0 D u r i n g the r e a c t i o n i n t h e j a r s , and 
w h i l e dense volumes of n i t r o u s o x i d e are e v o l v e d , and the heat 
which i t i s necessary t o c o n s t a n t l y keep down i s r i s i n g , h i s men 
s t i r t h e m i x t u r e w i t h t h e s e g l a s s t u b e s , a d m i t t i n g a c u r r e n t of 
c o l d a i r which a g i t a t e s , c o o l s , and i n e s c a p i n g c a r r i e s o f f t h e 
gas i t i s so e s s e n t i a l t o g e t r i d o f , as soon as p o s s i b l e a f t e r 
i t i s formed. 
The n e x t p a r t of t h e process i s t h e removal of these j a r s , 
and t h e emptying o f t h e i r c o n t e n t s t h r o u g h a t r a p or square 
opening i n the c e n t r e of t h e f l o o r , i n t o a r e s e r v o i r h o l d i n g 
about f o r t y g a l l o n s (182 l i t r e s ) of w a t e r , f o r t h e purpose o f 
washing o f f a l l t r a c e s o f a c i d 0 
A f t e r washing the n i t r o g l y c e r i n e , the r e s e r v o i r , which 
i s balanced on two j o u r n a l s , i s t u r n e d over on i t s s i d e g r a d u a l l y , 
and t h e n i t r o g l y c e r i n e e m p tied i n t o g l a s s and e a r t h e n r e c e p t a c l e s . 
These are removed t o a magazine, a few r o d s (5,5 yardss 5 m e t r e s ) 
d i s t a n t . 
At the t i m e I e n t e r e d t h i s magazine t h e r e were one thousand 
pounds o f n i t r o g l y c e r i n e t h e r e i n j a r s , h o l d i n g f r o m t h r e e t o f i v e 
g a l l o n ( 1 3 0 6 l i t r e s •= 18 l i t r e s ) each, r e s t i n g on beaches, 
Mr. Mowbray pr e p a r e s h i s own n i t r i c a c i d n earby, and a l s o 
c o n c e n t r a t e s the s u l p h u r i c a c i d he employs. I t i s p r o b a b l y by 
c l o s e a t t e n t i o n t o t h e q u a l i t y o f t h e m a t e r i a l s he employs, and 
t h r o u g h a g i t a t i o n and c a r r y i n g o f f o f the n i t r o u s a c i d g a s , 0 O 
F o r t y two pounds (92„6 kg,) of g l y c e r i n e y i e l d him n i n e t y 
f o u r pounds o f n i t r o g l y c e r i n e , w h i c h , a t a t e m p e r a t u r e o f 48 
degrees and upward i s p e r f e c t l y t r a n s p a r e n t and w i t h o u t c o l o u r 0 
A l i t t l e below t h i s t e m p e r a t u r e i t becomes f r o z e n , and resembles 
t h e n pounded i c e , , , 
f o r m e r l y when they ( t h e workmen) used t h e i m p o r t e d 
a r t i c l e ( n i t r o g l y c d r i n e ) which was more or l e s s y e l l o w and brown, 
they were a f f e c t e d w i t h i n t e n s e headache,,. 
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Mr„ Mowbray 0 o « c o n c l u d e s t h a t the agent may be 
t r a n s p o r t e d q u i t e s a f e l y i n the f r o z e n s t a t e , , " 
M a n u f a c t u r i n g o f Nitroglycerine„ 
E n g i n e e r i n g , 23rd October 1868, ( p 0 3 7 6 ) 0 
I t can be supposed t h a t the p r a c t i c e o f l i n i n g t he t i n c a n i s t e r s 
used f o r c a r r y i n g n i t r o g l y c e r i n e w i t h a c o a t i n g of p a r a f f i n wax, which 
was adopted by G<,M„ Mowbray i n t h e U n i t e d S t a t e s might have much reduced 
a l l hazards exc e p t those a s s o c i a t e d w i t h e x p l o s i v e c h e m i c a l d e c o m p o s i t i o n 
or w i t h g r o s s - m i s h a n d l i n g . 
S m a l l - s c a l e P r e p a r a t i o n O n - s i t e 
No r e f e r e n c e i s made i n any of the sources c o n s u l t e d t o n i t r o -
g l y c e r i n e b e i n g p r e p a r e d i m m e d i a t e l y b e f o r e use a t any q u a r r y or mine 
i n the U n i t e d Kingdom,, T h i s i s nofe t o say t h a t such p r e p a r a t i o n never 
took place,, The p a s s i n g of t h e N i t r o g l y c e r i n e Act may w e l l have l e d t o 
the i l l i c i t p r e p a r a t i o n of t h e e x p l o s i v e , , I t would have been a n i c e 
p o i n t of law t h a t no o f f e n c e c o u l d be s a i d t o have been committed u n t i l 
t h e r e a c t i o n was completed,, The f o l l o w i n g paragraph may i n d i c a t e t h a t 
th e w r i t e r knew something o f a t r a d e i n i l l e g a l n i t r o g l y c e r i n e s 
"At t h a t p e r i o d , n i t r o g l y c e r i n e , one of t h e most dangerous 
e x p l o s i v e s known, had been r e c e n t l y i n t r o d u c e d i n t o commerce, and 
so v a l u a b l e were i t s r e n d i n g p r o p e r t i e s t o mine and q u a r r y 
p r o p r i e t o r s , t h a t a l m o s t any r i s k was i n c u r r e d i n o r d e r t o secure 
i t s possession,, So h i g h l y r e m u n e r a t i v e , too,was the o i l t o i t s 
m a n u f a c t u r e r s and those who t r a d e d i n i t , t h a t t h e most un-
s c r u p u l o u s measures were f r e q u e n t l y r e s o r t e d t o i n c a r r y i n g on 
the t r a f f i c i n it„" 
Enq^ineerinq_ 9 1 s t May 1874, p„319„ 
I t w i l l be seen p r e s e n t l y when the example of the cans of n i t r o -
g l y c e r i n e which caused t h e Newcastle E x p l o s i o n of 1867 i s c i t e d t h a t i t 
was n o t unknown f o r n i t r o g l y c e r i n e of d o u b t f u l o r i g i n s , i n unmarked cans, 
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t o be foundo The cans a t Newcastle c o u l d very w e l l have been such 
contraband,, The c i t y was a t t h a t t i m e a well~known c e n t r e f o r 
c h e m i c a l manufactures= p a r t i c u l a r l y f o r s u l p h u r i c a c i d 0 
I t i s noted t h a t i t was t h e 'mine and q u a r r y p r o p r i e t o r s ' who 
were so a n x i o u s t o g e t h o l d o f t h e e x p l o s i v e , n o t , as m i g h t be 
supposed, the workmen, who commonly had t o pay f o r the powder they 
u s e d 0 Many o f the p r o p r i e t o r s were i n those days a l s o 3.P's„ Some 
n o t i o n of the e x t e n t o f the t r a d e i n i l l i c i t l y p r e p a r e d n i t r o g l y c e r i n e 
m i ght be gained i f i t were p o s s i b l e t o f i n d o u t something of the number 
of cases b r o u g h t b e f o r e t h e c o u r t s f o r t h i s o f f e n c e . Accounts of the 
t e s t i m o n y g i v e n would be r e v e a l i n g , , 
The most l i k e l y user o f the p r o h i b i t e d n i t r o g l y c e r i n e would have 
been a c i v i l e n g i n e e r i n g c o n t r a c t o r i n a h u r r y t o f i n i s h a j o b , r a t h e r 
t h a n t h e e s t a b l i s h e d owner of a q u a r r y or a mine 0 The a t t r a c t i o n was, 
of c o u r s e , t h a t n i t r o g l y c e r i n e a t i l l o f f e r e d - even a f t e r the i n t r o -
d u c t i o n of dynamite - t h e g r e a t e s t and quickest r e t u r n o f r o c k broken 
f o r t h e l e a s t amount o f arduous and slow b o r i n g done c 
O n - s i t e p r e p a r a t i o n was, however, common p r a c t i c e on the C o n t i n e n t s 
" I t i s b e t t e r , as a d v i s e d and executed under t h e d i r e c t i o n 
o f Dr. E„ Kopp, a t t h e Saverne q u a r r i e s , t o have the q u a n t i t i e s 
r e q u i r e d f o r d a i l y use p r e p a r e d on the s i t e by i n t e l l i g e n t workmen 0. 
A Handbook o f Chemical Technology, 
by R u d o l f Wagner Ph.D. (Tr„ kl» Crookes, F„R,S) 0 
London 1872, p 0 1 5 5 0 
The ease w i t h which the e x p l o s i v e c o u l d be made on t h e s i t e where 
i t was t o be used was u n l i k e l y t o have escaped those who were prepared 
t o break t h e law„ 
N i t r o g l y c e r i n e in_JJs<3 
Few d e t a i l e d d e s c r i p t i o n s of how l i q u i d n i t r o g l y c e r i n e was used 
i n b l a s t i n g i n t h e U n i t e d Kingdom can be found i n the j o u r n a l s of the 
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p e r i o d . A r t i c l e s d e s c r i b i n g t h e use of n i t r o g l y c e r i n e i n the b l a s t i n g 
of r o c k commonly c i t e f o r e i g n language sources - Swedish or German = 
f o r t h e i r m a t e r i a l . T h i s may be no more t h a n an i n d i c a t i o n t h a t i t 
was t h e n e a s i e r , from a p r a c t i c a l p o i n t of view, t o copy up a f o r e i g n 
source r a t h e r t han t o send a man t o Wales or C o r n w a l l t o r e p o r t on t h e 
usiagt, t h e r e . I t may, i n d e e d , have been t h o u g h t u s e f u l t o use t h e 
medium of the magazine t o a d v e r t i s e the e x p l o s i v e and t o o f f e r some 
i n s t r u c t i o n i n i t s use. The Engineer p u b l i s h e d the f o l l o w i n g s h o r t 
a r t i c l e on 12tlb November 1865, 
"The process i s v e r y easy; i f the chamber of the mine 
p r e s e n t s f i s s u r e s , i t must f i r s t be l i n e d w i t h c l a y t o make i t 
w a t e r - t i g h t ^ t h i s done, t h e n i t r o g l y c e r i n e i s poured i n , and 
water a f t e r i t - which b e i n g t h e l i g h t e r l i q u i d remains on t o p 0 
A slow match ( s i c , B i c k f o r d f u s e ) w i t h a w e l l - c h a r g e d p e r c u s s i o n 
cap a t one end i s t h e n i n t r o d u c e d i n t o t h e n i t r o g l y c e r i n e 
t h e r e i s no need of t a m p i n g . On 7 t h Dune l a s t the t i n 
mines a t A l t e n b u r g i n Saxony ,,, a chamber 34 m i l l i m e t r e s i n 
d i a m e t e r , was made p e r p e n d i c u l a r l y i n d o l o m i t e r o c k . At a 
depth of 8 f t , ( 2 044mo) a v a u l t f i l l e d w i t h c l a y was f o u n d , i n 
consequence of which the b o t t o m of t h e h o l e was tamped l e a v i n g 
a depth of 7 f t , (2 m,). One l i t r e and a h a l f o f n i t r o g l y c e r i n e 
was then poured i n f i t o c c u p i e d 5 f t , (1,5 m,),,, t h e mine (was) 
s p r u n g . The e f f e c t was so enormous as t o produce a f i s s u r e 
50 f t , (15,25m) i n l e n g t h , , , " 
G a l i g n a n ' s Messenger 
I n use, n i t r o g l y c e r i n e must have p r e s e n t e d a few new t e c h n i c a l 
p roblems. Used as a l i q u i d i t c o u l d o n l y be poured clown a b o r e - h o l e , 
u n l e s s i t was f i r s t c o n t a i n e d i n a c a r t r i d g e of some k i n d , 
( T h i s may o f f e r e x p l a n a t i o n o f the f a l l o w i n g event which was 
p u b l i s h e d i n Fordyce's H i s t o r i c a l R e g i s t e r o f Remarkable Events f o r 1875)o 
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"December 18 - A miner named Thomas Green, accompanied 
by h i s son, a l a d of t w e l v e y e a r s , was p r o c e e d i n g f r o m S h o t t o n 
C o l l i e r y t o Haswell (Co o0urham) 0 =, he p i c k e d up upon the f o o t -
p a t h a c u r i o u s l o o k i n g t h i n g r e s e m b l i n g a l e a d p e n c i l , »« he 
handed i t t o h i s son, who drew h i s a t t e n t i o n t o a s p l i t a t one 
end o f i t , and on t h e l a d p i c k i n g w i t h t h i s w i t h a p i n some m i l k y 
w h i t e f l u i d oozed o u t i n t o t h e h o l l o w of h i s hand. An i n s t a n t 
a f t e r o o „ l o u d e x p l o s i o n , „ „ b l o w i n g o f f the thumb and f i n g e r 
what t h e n a t u r e o f t h e a r t i c l e Green p i c k e d up was c o u l d n o t be 
even guessed at„" 
( i t i s s u r p r i s i n g t h a t a miner s h o u l d n o t have r e c o g n i s e d the 
c a r t r i d g e , and t h a t t h e r e s h o u l d be some mystery as t o t h e n a t u r e of 
the t h i n g i n a m i n i n g d i s t r i c t ) , , 
There was a danger t h a t the r o c k i n t o which the b o r e — h o l e was being 
d r i v e n would be f i s s u r e d . N i t r o g l y c e r i n e l i q u i d poured i n t o such a h o l e 
w o u l d , a t b e s t , be l o s t ? a t w o r s t , i t c o u l d remain a t a s l i g h t l y lower 
l e v e l t o blow up when the n e x t bore was d r i v e n . The p r a c t i c e of 
c a u l k i n g a f i s s u r e d b o r e - h o l e w i t h c l a y was t o p r e v e n t t h e e x p l o s i v e f r o m 
l e a k i n g away. Water poured i n t o such h o l e s t o t e s t t h e i r soundness would 
s e r v e the a d d i t i o n a l f u n c t i o n of p r o v i d i n g some measure of stemming f o r 
the charge? though i t was one of the advantages c l a i m e d f o r n i t r o g l y c e r i n e 
t h a t i t r e q u i r e d no t a m p i n g . 
The T r a n s p o r t and H a n d l i n g o f N i t r o g l y c e r i n e 
Only mercury f u l m i n a t e c o u l d be s a i d t o ap p r o x i m a t e t o n i t r o g l y c e r i n e 
i n i t s s e n s i t i v i t y . But u n l i k e mercury f u l m i n a t e , which was made i n 
r e l a t i v e l y s m a l l q u a n t i t i e s and t h e n used t o f i l l p e r c u s s i o n caps where 
i t was r e n d e r e d g e n e r a l l y s a f e , n i t r o g l y c e r i n e was made i n some con-
s i d e r a b l e q u a n t i t y and had, f o r t h e most p a r t , t o be t r a n s p o r t e d t o where 
i t was t o be used. 
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N i t r o g l y c e r i n e was more p o w e r f u l than any e x p l o s i v e b r o u g h t i n t o 
use b e f o r e i t . I t was a l s o dangerous i n i t s m a n u f a c t u r e , i n t r a n s p o r t , 
and i n u s e 0 
( I t appears t o have been s t a b l e over l o n g p e r i o d s when s t o r e d 
Sobsero i s s a i d t o have k e p t a j a r o f n i t r o g l y c e r i n e i n h i s l a b o r a t o r y 
f o r t h i r t y years w i t h o u t mishap 0 S i m i l a r l y , B e r t h e l o t k e p t a specimen, 
a p p a r e n t l y unchanged, f o r t e n y e a r s ) . 
From the o u t s e t t h e Railway Companies r e f u s e d t o c a r r y n i t r o = 
g l y e e r i n e . T h i s p r o h i b i t i o n was t o remain - a g a i n s t both n i t r o g l y c e r i n e 
and, l a t e r , dynamite = u n t i l 1893, The n e g l e c t o f t h e road system which 
t h e g r o w t h o f t h e r a i l w a y s had paused had o n l y begun t o be remedied i n the 
e a r l y 1860's. Water t r a n s p o r t was t o become a f a v o u r e d mode of t r a n s p o r t 
f o r e x p l o s i v e s . S e v e r a l o f the b i g g e s t n i t r o g l y c e r i n e d i s a s t e r s which 
were t o l e a d t o t h e g e n e r a l abandonment of t h e us6 o f n i t r o g l y c e r i n e o c c u r r e d 
w h i l e t h e l i q u i d e x p l o s i v e was b e i n g unloaded f r o m shpips. 
T h i s need t o c a r r y n i t r o g l y c e r i n e f o r some d i s t a n c e f r o m i t s p l a c e 
of m anufacture was q u i c k l y t o p o i n t up a s e r i o u s l i m i t a t i o n t o t h e l e v e l 
o f s a f e t y which c o u l d be a s sured d u r i n g the c a r r i a g e o f e x p l o s i v e l i q u i d s . 
The c o n t a i n e r t e c h n o j ^ o f l y _ a y a i l a b l e was no l o n g e r adequate, 
(And what i s s a i d here o f n i t r o g l y c e r i n e - as t h e extreme cause = 
h o l d s f o r o t h e r e x p l o s i v e or h i g h l y i n f l a m m a b l e l i q u i d s which were 
b e g i n n i n g t o be produced i n l a r g e q u a n t i t i e s a f t e r 1860, P e t r o l e u m , 
n i t r o = b e n z i n e , t h e e t h e r s , n a p t h a , k e r o s e n e / p a r a f f i n = o i l come t o mind as 
e x a m p l e s ) , 
At t h e t i m e t h a t n i t r o g l y c e r i n e was i n t r o d u c e d f o r use t h e r e was a 
r e m a r k a b l y s m a l l range of d^i^gosatile^ c o n t a i n e r s a v a i l a b l e . Though i t 
s h o u l d be s a i d t h a t n i t r o g l y c e r i n e l i q u i d was n o t i n use f o r l o n g enough 
t o a l l o w s a f e c o n t a i n e r s t o be developed t o h o l d i t 0 
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Glass and earthenware demijohns were r e a d i l y a v a i l a b l e , they were 
mass-produced, they were p e r f e c t l y i m p e r v i o u s , and, above a l l , they were 
cheap? b u t they were a l s o f r a g i l e , and they were o f a n a t u r e which 
t r a n s m i t t e d e x t e r n a l shock s t r o n g l y t o t h e i r c o n t e n t s . 
The hand-made oaken keg which had been b r o u g h t t o so h i g h a s t a t e 
of e x c e l l e n c e i n England f o r t h e c a r r y i n g of gunpowder c o u l d n o t be 
used f o r n i t r o g l y c e r i n e , , I t was e x p e n s i v e , much o f t h e c o s t being i n 
th e workmanship; i t was n o t o r d i n a r i l y made i n t h e s m a l l s i z e s which 
would have been s u i t e d t o the c a r r y i n g of the r e l a t i v e l y s m a l l q u a n t i t i e s 
of n i t r o g l y c e r i n e which seem t o have been used<, Nor was i t a t a l l 
c e r t a i n t h a t the g l y c e r o l would have s w e l l e d the wood of t h e b a r r e l so 
as t o have kept t h e s t a v e s t i g h t i n t h e way t h a t o t h e r l i q u i d s would. 
An e x p e n s i v e c o n t a i n e r u s u a l l y ensures t h a t a r e t u r n system comes i n t o 
b e i n g - as w i t h wine b a r r e l s . I t would have been d i f f i c u l t t o ensure 
t h a t a wooden keg which had h e l d n i t r o g l y c e r i n e was e n t i r e l y empty; a 
s m a l l q u a n t i t y soaked i n t o t h e wood or h e l d between the s t a v e s would 
have been e x t r e m e l y dangerous,, 
The most commonly mentioned c o n t a i n e r f o r l i q u i d n i t r o g l y c e r i n e i s 
t h e c a n i s t e r , t h e 'can'o No d e f i n i t e s i z e or c a p a c i t y f o r these cans 
can be g i v e n 0 Though i t seems r e a s o n a b l e t o suppose t h a t they would 
have been of a s i z e t o have c o n t a i n e d enough e x p l o s i v e f o r t h r e e or f o u r 
l a r g e c h a r g e s . A l i t r e or a q u a r t of n i t r o g l y c e r i n e would have 
r e p r e s e n t e d a c o n s i d e r a b l e amount o f p r e l i m i n a r y r o c k b o r i n g 0 For 
sh i p m e n t , t h e cans were packed i n boxes w i t h sawdust or o t h e r m a t e r i a l . 
The t i n n e d i r o n c a n i s t e r w i l l bear some c o n s i d e r a t i o n h e r e , f o r i t i s 
t h o u g h t t o have i n f l u e n c e d e v e n t s . 
A t i n p l a t e c a n i s t e r of the s i x t i e s of l a s t c e n t u r y was l i k e l y t o 
have been =• i f a n y t h i n g - a much more d u r a b l e a r t i f a c t t h a n s s i m i l a r 
c o n t a i n e r made today,, For no more p r a i s e w o r t h y a reason t h a n t h a t i t 
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was n o t t h e n t e c h n i c a l l y p o s s i b l e t o be more economical w i t h m a t e r i a l s , 
b o t h the s h e e t i r o n f r o m which t h e can was made and the c o a t i n g of pure 
t i n on t h a t p l a t e would have been v e r y much t h i c k e r t h a n we are used t o 
see,, The f a b r i c a t i o n o f such c a n i s t e r = the c u t t i n g , b e n d i n g , and edge— 
l a p p i n g - would a l l have been done by machine,, Only the s o l d e r i n g o f the 
p a r t s would have been done by hand, J^t i s i n these s o l d e r e d seams t h a t 
t h e g r e a t weakness of the t i n c a n i s t e r lay,, 
A s o l d e r e d u n i o n between two f a c e s of m e t a l i s one of mere adhesions 
s o l d e r i s analogous t o a g l u e 0 Under s t r e s s or sharp shock, such 
j u n c t u r e s p a r t e d a t the solder,, Want of a means of f o r m i n g a u n i o n of a 
s t r e n g t h commensurable w i t h t h a t of t h e m a t e r i a l s b e i n g used l i m i t e d the 
s t r e n g t h and r e l i a b i l i t y of the c o n t a i n e r s t o t h a t o f t h e i r weakest parts,, 
Both w e l d i n g and 'hard' s o l d e r i n g ( b r a z i n g ) had been i n common use f o r 
many c e n t u r i e s ; b u t n e i t h e r c o u l d be done on any s c a l e because i t was not 
p o s s i b l e t o m a i n t a i n t h e h i g h t e m p e r a t u r e s needed more t h a n t e m p o r a r i l y or 
l o c a l l y , , Welding u s i n g b o t t l e d oxygen was n o t a v a i l a b l e u n t i l a l m o s t the 
end of the century,, 
I n o r d i n a r y commerce i t i s necessary t o a c c e p t a c e r t a i n percentage 
o f d e f e c t i v e cans? i n t h e c a r r y i n g of n i t r o g l y c e r i n e o n l y one s l i g h t l y 
broached can o o u l d l e a d t o a t e r r i b l e e xplosion,, 
The f o l l o w i n g s h o r t q u o t a t i o n i s j u s t one example of many d e s c r i b i n g 
the a c c i d e n t s which b r o u g h t n i t r o g l y c e r i n e i n t o d i s r e p u t e , and i n which the 
cause o f t h e e x p l o s i o n can be a t t r i b u t e d d i r e c t l y t o d e f e c t s i n the con-
t a i n e r s used t o c a r r y t h e e x p l o s i v e s 
"A p a r c e l of n i t r o g l y c e r i n e was d e l i v e r e d a t Lord Penrhyne's 
q u a r r y ? one of the cans l e a k e d , t h e m a t e r i a l s s p r e a d i n g over the 
bottom o f t h e c a r t ? on r e t u r n i n g home the c a r t was blown u p 0 , . " 
The E n g i n e e r , 6 t h March 1869, p„149 0 
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Minor l e a k s i n the s o l d e r e d cans c o u l d be s e a l e d by s w i l l i n g 
m e l t e d p a r a f f i n - w a x around t h e i n s i d e o f the can. Mowbray i s s a i d 
t o have made t h i s a u s u a l p r a c t i c e i n the U„S„Ao 
The Frozen N i t r o g l y c e r i n e C o n t r o u e r s y 
At a t e m p e r a t u r e o f about 40° F a h r e n h e i t (5°C) n i t r o g l y c e r i n e was 
f o u n d t o f r e e z e i n t o a mass of n e e d l e = l i k e c r y s t a l s 0 Since t h i s 
t e m p e r a t u r e was l i k e l y t o be e n c o u n t e r e d on many w i n t e r days i n Europe 
and N o r t h America, the p r o p e r t y was r a t h e r more o f a nuisance t h a n o t h e r = 
wise,, The more g e n e r a l d i s a d v a n t a g e s o f the r e l a t i v e l y h i g h f r e e z i n g 
p o i n t o f n i t r o g l y c e r i n e w i l l be d i s c u s s e d p r e s e n t l y , , But i t was d i s = 
covered t h a t when n i t r o g l y c e r i n e was hard f r o z e n i t was v e r y d i f f i c u l t 
t o d e t o n a t e by o r d i n a r y methods,, There seems never t o have been any 
doubt about t h e u t i l i t y of t h i s p r o p e r t y i n t h e U n i t e d States,where 
Mowbray used c a r t r i d g e s of f r o z e n n i t r o g l y c e r i n e e x t e n s i v e l y , , The 
e x p l o s i v e was c a r r i e d t o the s i t e of use i n z i n c eases l i n e d w i t h f e l t f 
d e t o n a t i o n was o b t a i n e d by i n t e r p o s i n g a s m a l l p r i m e r of u n f r o z e n n i t r o = 
•si-g l y c e r i n e between the charge and the b l a s t i n g c a p 0 
I n t h e U n i t e d Kingdom, however, t h e r e was some c o n t r o v e r s y about 
t h e s a f e t y o f u s i n g n i t r o g l y c e r i n e when i t was frozen,, And, h a v i n g 
read t h e m a t e r i a l a v a i l a b l e , i t i s hard n o t t o e n t e r t a i n the q u i t e r o b u s t 
s u s p i c i o n t h a t the s c a r e was s t a r t e d by t h e g u n - c o t t o n i n t e r e s t , , At the 
v e r y l e a s t i t can be s a i d t h a t even i f t h e m i s u n d e r s t a n d i n g was n o t 
a c t u a l l y engendered by the g u n - c o t t o n i n t e r e s t ' s most p r e s t i g i o u s a g e n t , 
P r o f e s s o r A b e l , then n e i t h e r d i d he, i n h i s o f f i c i a l p o s i t i o n as C h i e f 
Chemist t o the War O f f i c e , h u r r y t o have c a r r i e d o u t the s i m p l e p r a c t i c a l 
t e s t s which would have i m m e d i a t e l y r e s o l v e d the question,. 
But b e f o r e Abel took up h i s p o s i t i o n i n the c o n t r o v e r s y some r a t h e r 
A _ D i c t i o n a r y o f A p p l i e d Chemistry^ by T„E 0 Thorpe, B o S c (Uict„), 
Ph„D. F o R o S o Pub 0Longmans, Green and Co„, London 1891, p<,710 
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more g r o s s t e s t i m o n y was g i v e n currency,, Here i s Mr. P e r r y F„ Nursey 
w r i t i n g i n TjTe__Engineer o f 6 t h March 1869 (The N i t r o - G l y c e r i n e Act was 
t o be passed on t h e 11th August o f t h a t y e a r ) ; 
" I t s h o u l d be observed t h a t among o t h e r d i s a d v a n t a g e s 9 n i t r o — 
g l y c e r i n e f r e e z e s a t a somewhat h i g h t e m p e r a t u r e , i n which c o n d i t i o n 
mere f r i c t i o n w i l l e x plode i t 0 A sad i l l u s t r a t i o n of t h i s f a c t 
o c c u r r e d i n 1867 a t H i r s c h b e r g , i n S i l e s i a , where n i t r o g l y c e r i n e 
was b e i n g used i n b o r i n g a r a i l w a y t u n n e l o The o i l was one day 
f o u n d t o be f r o z e n , and i n t h i s stafoe was d e l i c a t e l y h a n d l e d , and 
by means of a p i e c e of wood f r a g m e n t s were detached,, I n the b o r e -
h o l e s t h e f r o z e n n i t r o g l y c e r i n e e x p l o d e d q u i t e as w e l l as the f l u i d o 
One day an o v e r s e e r a t t e m p t e d t o break up a lump of frozen m a t e r i a l 
w i t h a p i c k , t h e r e s u l t was a v i o l e n t e x p l o s i o n „oo S e v e r a l 
a c c i d e n t s have a l s o o c c u r r e d i n our own c o u n t r y s i n c e t h e i n t r o -
d u c t i o n o f n i t r o g l y c e r i n e 0„o and many of those who were the f i r s t 
t o e x p e r i m e n t w i t h i t have s i n c e g i v e n up i t s use. T h i s m a t e r i a l , 
t h e r e f o r e , worthy of u t t e r condemnation,, o o" 
( I t s h o u l d a l s o be observed t h a t Rr„ Nursey was so f a r a b l e t o o v e r -
come h i s o p p o s i t i o n t o n i t r o g l y c e r i n e as t o become 'Engineer t o , and 
r e p r e s e n t a t i v e i n England o f Messrs,, Krebs and Co„, of Cologne, the 
m a n u f a c t u r e r s o f L i t h o - f r a c t e u r , a n i t r o g l y c e r i n e based e x p l o s i v e i n 
c o m p e t i t i o n w i t h Nobel's d y n a m i t e , l e s s than a year l a t e r ) o 
P r o f e s s o r Abel p l a c e d h i s own c o n s i d e r a b l e w e i g h t i n t o t h e s c a l e 
pan when he w r o t e g i v i n g h i s o p i n i o n t o S i r 3ohn Hay, f - l o P o on t h e Duly 1869 
" o - o such a c c i d e n t s „„„ a t Newcastle, consequent upon the 
g r e a t r e a d i n e s s w i t h which n i t r o g l y c e r i n e f r e e z e s (whereby i t 
becomes more s e n s i t i v e t o e x p l o s i o n by c o n c u s s i o n or a blow) 0<,o" 
Abel's l e t t e r was a f t e r w a r d s t o be an embarrassment t o him„ He 
had l a t e r t o e x p l a i n h i s a s s e r t i o n s — and t o do a l i t t l e r e t r o s p e c t i v e 
tbimming = t o h i s p r o f e s s i o n a l peers i n the I n s t i t u t i o n o f C i v i l E n g i n e e r s ; 
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" I n reference to tba l e t t e r w r i t t e n by him to Sir Dohn Hay, 
M o P o , i n 3uly 1869, and used by tha t o f f i c e r i n his advocacy of 
the Ni t r o ~ G l y c e r i n e B i l l 9 he desired to s t a t e t h a t he was ignorant 
of any i n t e n t i o n on S i r Dohn Hay's part to read i t to the House0 
With the knowledge he then possessed he could not have desired to 
have i t modified i n any way, had he then known i t was to become a 
pu b l i c document <,<,<> nor was there anything i n t h a t l e t t e r r e l a t i n g 
to n i t r o g l y c e r i n e s i n the unmixed or l i q u i d s t a t e , at variance w i t h 
the statements 0<>o although w r i t t e n a f t e r an i n t e r v a l of three years 
had elapsed = except the statement t h a t n i t r o g l y c e r i n e was e s p e c i a l l y 
susceptible to explosion when i n the frozen c o n d i t i o n 0oo the reasons 
f o r the op i n i o n , very generally e n t e r t a i n e d w i t h i n the l a s t three 
years, t h a t s o l i d i f i e d n i t r o g l y c e r i n e was more dangerous than l i q u i d = 
an opinion shown to be erroneous. The f a c t remained, th a t sad 
accidents had repeatedly occurred w i t h frozen n i t r o g l y c e r i n e , no 
doubt from e s p e c i a l l y reckless handling of the m a t e r i a l , to which 
i t s apparent inertness had probably given r i s e 0 " 
At the same meeting testimony was given from several quarters t h a t 
frozen n i t r o g l y c e r i n e was less susceptible to explosion than had been 
supposed; 
"Now the experiments which the War Of f i c e Committee made at 
his quarries (those of fir„ R»F. France) proved = and i t was l a t e r 
so admitted i n the paper — t h a t n i t r o g l y c e r i n e , i n i t s frozen 
s t a t e , was not so s e n s i t i v e to coneussion or explosion,," 
The I n s t i t u t i o n of C i v i l Engineers (Session 
1872=73),, Vol, XXXV 
(Discussions Paper l\lo01342 = "Explosive Agents 
Applied to I n d u s t r i a l Purposes"<pp„2~36)» 
The damage done to the r e p u t a t i o n of n i t r o g l y c e r i n e p e r s i s t e d , and, 
indeed, c a r r i e d over i n t o a time when the use of l i q u i d n i t r o g l y c e r i n e 
had been discontinued i n favour of dynamite 0 The magazine Engineering, 
as l a t e as September 22nd of 1871 (p 0 1 8 3 ) , s t i l l thought i t worthwhile 
to devote a short passage to c o r r e c t i n g the misconception; 
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i i I t i s generally conceived t h a t n i t r o g l y c e r i n e , and 
consequently dynamite, i s more dangerous, and more e a s i l y 
exploded when i n a frozen s t a t e than when l i q u i d 0 But t h i s 
conception i s erroneous, i n as much as i t i s r e a l l y d i f f i c u l t 
t o explode i t when frozen „„<> A charge of n i t r o g l y c e r i n e became 
frozen i n a hole a t a quarry near Bangor, and was f i r e d three 
times w i t h gunpowder without being exploded,, A small c a r t r i d g e 
c o n t a i n i n g about h a l f an ounce (28 gram) of the l i q u i d o i l was 
then i n s e r t e d i n the b l a s t hole on top of the frozen charge, and 
on being f i r e d , exploded the whole charge, which d i d i t s work 
most e f f e c t u a l l y <, 0 •> these f a c t s at once s i l e n c e any t h e o r e t i c a l 
o b j e c t i o n s O o < > " 
The ease w i t h which n i t r o g l y c e r i n e freezes gave r i s e on occasion 
to another inconvenience; t h i s was not so immediately involved with 
s afety but was nevertheless of extreme importance,, Sometimes, through 
e f f o r t s t o maintain a s a f e l y low temperature during the n i t r a t i o n r e a c t i o n , 
o r , perhaps, f o r more mundane reasons, a batch of n i t r o g l y c e r i n e froze 
while i n preparation,) This of course meant t h a t the machinery was out 
of commission u n t i l the n i t r o g l y c e r i n e had thawed and become l i q u i d again,, 
Oscar Guttman records i n his reminiscences how a vat of n i t r o g l y c e r i n e 
which had been allowed to freeze took aH. of two days to thaw o u t 0 The 
loss and the simple inconvenience r e s u l t i n g from such occurrences make i t 
easy to appreciate why there was from the e a r l i e s t days of manufacture 
a search f o r an e f f e c t i v e a n t i - f r e e z i n g agent which could be added to 
the n i t r o g l y c e r i n e during or a f t e r the n i t r a t i o n D 
R e f e r r i n g again to Oscar Guttman, he was to r e c a l l s 
" I had myself „„* worked w i t h Nobel, but found t h a t most 
a d d i t i o n s to n i t r o g l y c e r i n e reduced the explosive power con-
s i d e r a b l y when used i n such q u a n t i t i e s as t o be e f f i c i e n t , , " 
(A p a r t i c u l a r case from the source c i t e d above w i l l be mentioned 
here because i t serves to show how occasionally poor communication can 
# and 
Twenty Years Progress in^Exjpj-osj-ves^ Oscar Guttman, Whittaker 
London, (1909) (p„23)0 
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r e s u l t i n the e f f e c t i v e loss of a t e c h n i c a l innovation,, In 1866, i n 
Sweden, A.E0 Rudberg patented the a d d i t i o n of nitro-benzine to n i t r o ~ 
g l y c e r i n e f o r the purposes of reducing i t s tendency to freeze (Swedish 
patent of 30th A p r i l 1866) 0 Because Swedish was not a widely known 
language, the patent was l i t t l e known 0 Nobel patented the same 
i n v e n t i o n nearly twenty years l a t e r ( B r i t i s h patent No„5330 of 1885) D 
F a i l u r e t o discover an e f f e c t i v e means of preventing n i t r o g l y c e r i n e 
from f r e e z i n g was to lead q u i t e d i r e c t l y to a use f u l advantage i n another 
d i r e c t i o n - the temporary s t a b i l i s a t i o n of nitroglycerine„ 
The Newcastle N i t r o g l y c e r i n e Explosion; A Case i n Point 
The explosion of n i t r o g l y c e r i n e which occurred at Newcastle upon 
Tyne on 17th December 186? was only one of many such d i s a s t e r s which had 
happened across the world between 1866 and 1867 0 A l l of these explosions 
were of n i t r o g l y c e r i n e i n t r a n s i t , where the l i q u i d was being moved i n 
q u a n t i t y , r a t h e r than when i t was a c t u a l l y being used i n a b l a s t i n g 
operation,. 
The Newcastle explosion was not by any means the most devastating 
of the n i t r o g l y c e r i n e accidents,, However, i t d i d take place i n the 
United Kingdom, i n an urban area, and several important l o c a l f i g u r e s 
met g r i s l y deaths? f o r t h i s reason the event was given more immediate 
and more s t r i d e n t p u b l i c i t y than i t might otherwise have warranted,, 
Only those d e t a i l s necessary t o i l l u s t r a t e the hazards associated 
w i t h the use of n i t r o g l y c e r i n e w i l l be quoted d i r e c t l y 0 
E s s e n t i a l l y , the s t o r y i s t h a t nine 'cans' of n i t r o g l y c e r i n e , 
' f o r b l a s t i n g purposes', were discovered to have been abandoned i n a 
c e l l a r i n White Swan Yard, o f f the Cloth Market, i n what was then the 
centre of the c i t y of Newcastle upon Type 0 The p o l i c e applied to the 
magistrates and consequently an order was made to have the cans removed,. 
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'Not being able to induce the Railway Company to carry i t * , i t was 
decided to take the explosive to the Town Moor where i t could be poured 
away i n t o a p i t caused by c o l l i e r y subsidence. The c a n i s t e r s were 
placed i n baskets and loaded onto a c a r t f o r carriage to the Town floor. 
This was a distance of about two miles, f o r the most part up more or less 
steep h i l l s , and probably at t h a t time over ubmade tracks f o r p a r t of the 
journey,, A crowd i s reported to have followed the cart„ 
The 'corks' s e a l i n g the cans were removed w i t h a 'pricker'o 
'They emptied the l i q u i d of the whole nine(cans) i n t o the 
subsidence of the e a r t h , and a f t e r t h i s was done i t was found 
t h a t three of the c a n i s t e r s s t i l l f e l t weighty,. The S h e r i f f 
thereupon ordered the men to take o f f the ends, (of the cans), 
which being done by means of a s h o v e l ( ' ) , when i t was found t h a t 
a p o r t i o n of the contents had c r y s t a l l i s e d and was adhering to 
the t i n 0 The S h e r i f f expressed a desire to obtain a piece of 
the c r y s t a l l i s e d m a t e r i a l , and asked f o r a piece of paper, but 
what followed i s not known. ' 
Eight men, i n c l u d i n g the S h e r i f f and the Town (surveyor, were 
blown to pieceso The 3ury returned the f o l l o w i n g v e r d i c t s 
'That death has been caused by the explosion of n i t r o -
g l y c e r i n e , a c c i d e n t a l l y | and the j u r y are unanimously of the 
opinion t h a t the law i n reference to the s t o r i n g of n i t r o g l y c e r i n e 
has been grossly v i o l a t e d i n t h i s case 0 ' 
H i s t o r i c a l Register of Remarkable Events 
(A.D. 1867), Fordyce, Neweastle, 1871 
' Phljegmatised' N i t r o g l y c e r i n e 
Nobel himself i n s t i t u t e d the p r a c t i c e of dids'olving n i t r o g l y c e r i n e 
i n methyl a l c o h o l = 'wood a l c o h o l ' , 'wood naptha', 'wood s p i r i t ' - before 
transport,, I t can be supposed t h a t Nobel had only to make a short 
i n v e n t i v e leap from his f a i l u r e to discover a Ufidble anti=freeze f o r 
n i t r o g l y c e r i n e to a r e a l i s a t i o n t h a t he had i n c i d e n t a l l y stumbled across 
a way of rendering n i t r o g l y c e r i n e i n e x p l o s i v e 0 
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The process was easy t o reverses thrown i n t o an excess of cold 
water the n i t r o g l y c e r i n e separated out below the much d i l u t e d alcohol 
where i t could e a s i l y be tapped o f f f o r use 0 
The operation d i d render the n i t r o g l y c e r i n e safe to transport,, 
Large q u a n t i t i e s of the l i q u i d explosive were shipped across the A t l a n t i c 
from Sweden f o r the b l a s t i n g of the Hoosac Tunnel,, 
The method may not, however, have been used i n v a r i a b l y ; there 
i s some i n d i c a t i o n t h a t n i t r o g l y c e r i n e was c a r r i e d i n the undissolved 
s t a t e a f t e r the i n t r o d u c t i o n of the method,, Not a l l n i t r o g l y c e r i n e was 
made by the Nobel Company,, 
There were a number of obje c t i o n s to the practice,, The alcohol 
was expensive (though i t may have been q u i t e cheap i n Sweden where 
d e s t r u c t i v e d i s t i l l a t i o n of wood was c a r r i e d out on a large s c a l e ) , and 
the s p i r i t could not e a s i l y be recovered when i t had been d i l u t e d 0 The 
l a r g e r cans needed to carry the same e f f e c t i v e q u a n t i t y of explosive 
would have taken up more hold space and thus have a t t r a c t e d a higher 
r a t e of freightage,, Liquids of low v i s c o s i t y tend to leak through more 
minute holes i n containers than do l i q u i d s of high viscosity,, Alcohol 
vapour le a k i n g from cans would i t s e l f give r i s e to a highly explosive 
mixture when mixed w i t h a i r 0 At low temperatures the n i t r o g l y c e r i n e 
could c r y s t a l l i s e out from i t s solvent,, 
The method was discontinued on the grounds t h a t the method of 
separation was troublesome,, N i t r o g l y c e r i n e cannot have been transported 
i n t h i s mode f o r more than a few years before the p r a c t i c e was almost 
e n t i r e l y superceded by the i n t r o d u c t i o n of dynamite,, 
No m a t e r i a l has been found which i n d i c a t e s t h a t n i t r o g l y c e r i n e was 
c a r r i e d i n the United Kingdom i n any other way than i n i t s pure, un-
d i l u t e d form 0 
A D i c t i o n a r y of Applied_Qj2gjni_strx, T„E 0 Thorps, Vol„II (p„77) , 
Longmans, Green and Co., London, 1891. 
-224= 
Chemical Analysis of N i t r o g l y c e r i n e 
I t i s proposed not to o f f e r here any discussion of the work which 
went i n t o the achievement of a t r u e chemical analysis of n i t r o g l y c e r i n e , , 
A f u l l and d e t a i l e d account of the p r i n c i p a l studies from Sobrero's 
discovery i n 1846 to the p u b l i c a t i o n of Hay and Orme Hasson's analysis 
i n the Transactions of the Royal Society of Edinburgh f o r 1887 can be 
found i n the already quoted work; 
H i s t o r i c a l Papers on Modern Explosives by George U„ Macdonald, 
FUSCoCMelb.) Published by Whittaker & Co 0, London 1912, Chapters X X I I I , 
X X V and X X V I o 
Some Probable Causes of the Early N i t r o g l y c e r i n e Explosions 
V a l i d f o r e n s i c conclusions cannot w e l l be drawn from documentary 
evidence alone 0 Nevertheless, i t i s proposed to show, f i r s t l y , t h a t 
there was some understanding of the probable causes of the ea r l y n i t r o = 
g l y c e r i n e disasters? and secondly, t h a t l a t e r i n the century an 
a d d i t i o n a l f a c t o r was discovered which, though i t was not suspected i n 
the 186Q's, presents i t s e l f as a f a c t o r which almost c e r t a i n l y was 
operating i n the case of the n i t r o g l y c e r i n e explosions which then occurred. 
Two references only w i l l be used to support the p r o p o s i t i o n s c 
The f i r s t w i l l be used t o show t h a t when n i t r o g l y c e r i n e was f i r s t 
made i n q u a n t i t y there was every l i k e l i h o o d t h a t the explosive was 
contaminated w i t h r e s i d u a l n i t r i c acid» 
"Later on, Nobel ascribed the accidents which occurred to 
the use of the square t i n cans, i n which the o i l was contained, 
the spring of the t i n causing a concussion which brought about the 
explosion, i t not being known at the time how s e n s i t i v e n i t r o = 
g l y c e r i n e i s to concussion 0 I t may also be t h a t some of these 
ea r l y accidents were due to spontaneous decomposition as Nobel 
s t a t e d t h a t n i t r o g l y c e r i n e being so remarkably i n d i f f e r e n t to almost 
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every chemical substance, i t was not known t h a t n i t r o u s and 
n i t r i c acids form exceptions and t h a t , as they n a t u r a l l y adhere 
to crude n i t r o g l y c e r i n e , they must be washed out c a r e f u l l y 0 
Nobel was, i n f a c t , not s u f f i c i e n t l y acquainted w i t h the 
necessity of thoroughly washing and n e u t r a l i s i n g his b l a s t i n g o i l 0 
Journal of the Society of the Chemical Industry 
Hay"31 1 8 9 9 ( p „ 4 4 4 ) ~ 
'Nobel's evidence before the Royal Commission 
on Explosive Substances, 1 8 7 4 c ' 
The second reference w i l l show t h a t i t was l a t e r discovered t h a t 
i n the presence of n i t r i c acid the t i n p l a t e from which the cans were 
made may i t s e l f have become dangerous,, 
"NITRATE OF TIN merits a mention as being a possible cause 
of obscure explosions i n powder m i l l s 0 I t was found i n Spandau 
t h a t frequent i g n i t i o n of the powder took place at a c e r t a i n stage 
of i t s manufacture 0 o o On examining the machinery i t was found t h a t 
where bronze pieces which were soldered were i n constant contact 
w i t h the moist powder, the solder was much corroded, and i n par t 
e n t i r e l y destroyed,, I n the j o i n t s a substance had c o l l e c t e d , which 
when scraped out w i t h a c h i s e l exploded w i t h emission of sparks „.„ 
i t was found t h a t i f a t h i n layer of sulphur and s a l t p e t r e were 
placed between sheets of t i n and copper f o i l and allowed to remain 
i n a moist c o n d i t i o n , a f t e r a time the copper was coated w i t h 
s ulphide, and the t i n was l a r g e l y converted i n t o an explosive basic 
n i t r a t e „o<> can u n i t e w i t h the t i n of the solder to form the 
explosive basic n i t r a t e , which, being i n s o l u b l e , g r a d u a l l y c o l l e c t s 
i n the j o i n t s and f i n a l l y leads to an exp l o s i o n 0 The substance 
when obtained i s a pure white c r y s t a l l i n e powder, which explodes 
v i o l e n t l y w i t h a shower of sparks when heated r a p i d l y or subjected 
to percussion or subjected to percussion or f r i c t i o n , , I t i s formed 
when a f i n e spray of n i t r i c acid ( 8 0 g 0 l o 2 0 ) i s thrown upon a surface 
of t i n or solder 0<,o" 
A_Dicti£nar^_ of Explosives by Major J«P0 C u n d i l l 
R o A o , HoM's Inspector of Explosives ( p „ 1 0 0 ) , 
London 1 8 8 9 E d i t i o n 
Quotings Notes on the L i t e r a t u r e of Explosives 
by Prof„ C 0E 0 Munro, U.S.N.A„, of the U.S. Naval 
I n s t i t u t e , N o 0 I I I 9 P o 6 7 1 ejt_se^ 0 
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The t i n p l a t e c a n i s t e r , as has already been suggested, may have 
been the best a v a i l a b l e container,, But, because of the unsuspected 
contamination of the n i t r o g l y c e r i n e i t was being used to c a r r y , and 
the large p r o p o r t i o n of t i n i n the solder used to j o i n the parts of the 
can, i t became i n h e r e n t l y dangerous,, 
In the f i r s t instance the r e s i d u a l acid i s l i k e l y to have rendered 
the n i t r o g l y c e r i n e chemically unstable,, I t i s remarkable t h a t the hard 
lessons which the e a r l i e r work on gun-cotton had taught - the dangers 
which attended there being the s l i g h t e s t trace of acid i n the f i n i s h e d 
explosive •= should not have been heeded when n i t r o g l y c e r i n e came to be 
manuf actured„ 
The a c t i o n of any r e s i d u a l acid would, however, also have tended 
to d i s s o l v e or g r e a t l y to weaken the bond of common solder holding the 
cans together,, This alone may have been the cause of much s p i l l e d 
n i t r o g l y c e r i n e , , And i t was the more dangerous because i t was unsuspected,, 
However, the p r i n c i p a l f a c t o r which i t i s wished to introduce here 
i s the formation of n i t r a t e of t i n i n s i d e the c a n i s t e r 0 
There i s commonly a small excess of solder along a j o i n t o This i s 
most l i k e l y to occur along an inner seam which cannot e a s i l y be wiped 
c l e a n 0 I f n i t r a t e of t i n c r y s t a l s were formed they would have been 
c l u s t e r e d most t h i c k l y along the length of the inner parts of the seams, 
and w i t h i n the overlap of the metal edges,, 
Nobel was persuaded t h a t the cause of some of the explosions lay 
i n the 'spring' of the t i n p l a t e 0 This may also have been so. Square 
c a n i s t e r s without corrugations or braces to strengthen them are not best 
s u i t e d f o r the c a r r y i n g of l i q u i d s , e s p e c i a l l y those l i q u i d s of high 
s p e c i f i c gravity,, They are used because they allow more economical packing 0 
Any or a l l of the above f a c t o r s may have c o n t r i b u t e d to the series 
of apparently spontaneous explosions which occurred between 1862 and 1867 0 
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The detonation of n i t r a t e of t i n c r y s t a l s brought about by the 
shearing motion along weakened seams between edges of metal represents 
a complex rather than a simple explanation of a phenomenon,. But the 
con j u n c t i o n of con d i t i o n s necessary f o r t h i s t o have happened does seem 
to have been presento 
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CHAPTER 7 
WYNAIMTS8 POWDER = SAXIFRAGINE 
( J J 6 2 = = _ 1 8 7 5 > ) 
Before attempting to discuss the b a r y t i c b l a s t i n g powder which was 
introduced i n t o the United Kingdom at the beginning of 1862 i t w i l l be 
necessary f i r s t to clear some ground,, 
Barium n i t r a t e was used f o r two d i s t i n c t purposes i n the preparation 
of explosives,, I t was f o r a b r i e f time under serious consideration as a 
s u b s t i t u t e f o r potassium n i t r a t e i n some p r o p e l l a n t gunpowders. I t was 
also used as a novel o x i d i s i n g agent i n a patent b l a s t i n g powder. This 
i s a d i s t i n c t i o n not always c l e a r l y drawn i n the p r i n t e d sources consulted, 
A b l a s t i n g explosive under the name Wynants* Powder was granted a 
B r i t i s h patent (l\lo„l90B4) on 15th A p r i l 1862„ Thus, so f a r as the 
United Kingdom i s concerned, the use of barium n i t r a t e as an o x i d i s i n g 
agent preceded attempts to apply i t to a p r o p e l l a n t use by a t l e a s t three 
years„ 
F o A o Abel, w r i t i n g i n 1871, s t a t e d t h a t b a r y t i c gunpowder, as he 
c a l l e d i t , had been intended f i r s t to be used as a mining explosive, and 
t h a t i t was l a t e r t h a t i t was attempted to use i t i n ordnance. This may 
describe the sequence of tjvents i n t h i s country,. But i t i s observed t h a t 
Wynants was an a r t i l l e r y o f f i c e r , , I t i s p l a u s i b l e to suppose t h a t 
Hynants' work w i t h barium n i t r a t e , on the Continent, began before 1862, 
and perhaps we11^ before 1862, w i t h researches i n t o i t s p o t e n t i a l as a 
c o n s t i t u e n t of cannon powder, and t h a t i t was during the course of t h i s 
work t h a t i t occurred to him to f i n d a c i v i l i a n use f o r compositions 
c o n t a i n i n g barium n i t r a t e , , 
Abel seems not to have been aware = or perhaps not to have r e c a l l e d = 
t h a t there was an e s s e n t i a l d i f f e r e n c e between the respective compositions 
•ft 
Explosive j ^ e n t s _ A p j ] j . e d _ t o J n d u s t r j ^ ^ Purjposes^ by F„Ao Abel, Proceedings 
of the I n s t i t u t i o n of C i v i l Engineers, 14th May 1872, Volume XLU, p 0332. 
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of Wynants' p r o p e l l a n t , poudre barytique and his b l a s t i n g powder« The 
powder to which Abel was r e f e r r i n g was t h a t which was the subject of the 
paper, 'On B a r y t i c GujTpo_wdBr f o r He_avy_J3rdnance" 0 which was read before 
the 1866 meeting of The B r i t i s h Association f o r the Advancement of Science 
by [%„ C o Vignoles, C E o , F<,RoS„ This paper was r e p r i n t e d i n the j o u r n a l 
Engineering f o r 31st Sept., 1B66 ( p o 1 5 0 ) o The e s s e n t i a l s of t h i s paper 
are given i n i t s second paragraphs 
"This p a r t i c u l a r kind of gunpowder has been much experimented 
upon, both i n Belgium and i n France, w i t h a view to counteract the 
i n j u r i o u s e f f e c t s which are produced when large charges of powder 
are used i n heavy ordnance,. The p r i n c i p l e upon which t h i s b a r y t i c 
powder i s composed i s simply t h a t of s u b s t i t u t i n g n i t r a t e of barytes, 
instead of s a l t p e t r e , i n the composition of gunpowder, i n c e r t a i n 
p r o p o r t i o n s , the consequences being t h a t the powder, when i g n i t e d , 
consumes more s l o w l y , and gases are developed less r a p i d l y , than 
i n ordinary gunpowder while the same e f f e c t i s produced upon the 
p r o j e c t i l e as regards i t s u l t i m a t e velocity,, This lessens the 
i n j u r i o u s e f f e c t s upon the sides, vent, and chamber of the piece 
of a r t i l l e r y , , " 
The above a s s e r t i o n being t h a t barium n i t r a t e was s u b s t i t u t e d f o r 
potassium n i t r a t e i s q u a l i f i e d l a t e r i n the same paper; 
" o o o o a b a r y t i c compound c a l l e d 80 per cent, t h a t i s to say 
one i n which BO per cent of the s a l t p e t r e was replaced by a 
q u a n t i t y chemically equivalent to n i t r a t e of barytes,," 
Nevertheless, the outstanding d i f f e r e n c e between the two preparations 
the d i f f e r e n c e which makes one 'a gunpowder' and the other "an explosive' = 
i s the absence of sulphur i n the Wynants' Powder,, 
The development of the two types of powder diverged,, The p r o p e l l a n t 
v a r i e t y appears not to have gone beyond the experimental stage i n the 
United Kingdom,, Abel himself, a t the same meeting of the B r i t i s h 
Association c i t e d above, i s quoted as having spoken against the b a r y t i c 
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gunpowder i n a way which may w e l l have precluded f u r t h e r o f f i c i a l 
patronage there and then; 
i i Professor Abel remarked th a t gunpowder could be made 
f a s t burning or slow burning without the use of barytes, which 
had been found o b j e c t i o n a b l e on account of i t s f o u l i n g p r o p e r t i e s . 
The q u a l i t y of gunpowder can be a l t e r e d at w i l l by su b j e c t i n g i t 
to a s l i g h t l y d i f f e r e n t treatment i n manufacture without i t s being 
necessary to add chemical components to i t which are otherwise 
o b j e c t i o n a b l e 0" 
A s u b s t i t u t e f o r potassium n i t r a t e i s l i k e l y to have received short 
o f f i c i a l s h r i f t i n the 1860's„ B r i t a i n had very large resources of s a l t -
petre i n her empire,, The comiiercial i n t e r e s t s i n Indian e a r t h = s a l t p e t r e 
would have reacted w i t h vigour to any attempts to replace t h e i r products 
The Trent Case and the embargo on supplies of n i t r e to the Federal side 
i n the American C i v i l War had then r e c e n t l y demonstrated the str e n g t h of 
the B r i t i s h p o s i t i o n i n t h i s matter very convincingly„ And i n any event 
r e l a t i v e l y minor improvements i n steel=making processes were l i k e l y to have 
obviated the ordnance problem altogether,, 
A second p o i n t of u n c e r t a i n t y resides i n the use of two names t o 
r e f e r to what, i t seems almost c e r t a i n , was a s i n g l e explosive,, Wynants' 
Powder and Saxifragine had i d e n t i c a l formulas; 77 parts barium n i t r a t e , 
21 parts charcoal, 2 parts saltpetre,, 
Since the name 'wynants' Powder' appears to have given way very 
q u i c k l y t o t h a t of 'Saeifragine* i t may be supposed that 'Wynants' 
Powder' was what the explosive was c a l l e d i n t h i s country when i t had 
only r e c e n t l y been introduced and was the subject of a r t i c l e s i n the 
various journals,, I t was only l a t e r , i t i s suggested, when manufacturing 
and marketing were e s t a b l i s h e d , t h a t 'Saxifragine', the name already i n 
'^History of American Technologyg by 3.Wo O l i v e r , Ronald Press, New York(l956)o History  
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use on the Continent, was adopted* The need to force a d i s t i n c t i o n 
between the powder which had been introduced by Wynants, the unsuccessful 
poudre b a r y t i q u e , from the b l a s t i n g powder which Wynants had patented, can 
r e a d i l y be understood,, 
( S a x i f r a q i n e i s a curious name f o r an explosive,, To the modern 
reader, to whom i f i t has any associations at a l l i t suggests w i l d -
f l o w e r s , i t does not sound a p a r t i c u l a r l y apt one at all„ I t may of 
course have been more meaningful to ' c l a s s i c a l l y ' educated men of the 
nineteenth century,, Nevertheless, and even at t h i s distance i n time, 
i t looks as though Captain Wynants was ra t h e r less w e l l grounded i n 
his etymology than he was i n his b a l l i s t i c s , , Chamber's D i c t i o n a r y 
(1910) gives the L a t i n d e r i v a t i o n ; 
"Saxifraqa = saxa, a stone, franqere, to break, or, 
according to P l i n y , from a supposed e f f i c a c y i n breaking up 
c a l c u l i i n the bladder„"(') ) 
Ce r t a i n l y there appears to have been only one B r i t i s h patent f o r 
a barium n i t r a t e b l a s t i n g explosive taken out i n 1862 0 
In C u n d i l l ' s A D i c t i o n a r y of Explosives (p„13) there i s a headings 
'NEWTON see S a x i f r a g i n e 0 The heading SAXIFRAGINE makes no reference to 
NEWTON,, However, NEWTON, 'Vincent Henry Newton of Chancery Lane, London', 
and 'Newton, William Edmard Newton', were both a c t i v e patent agents, 
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e s p e c i a l l y concerned with explosive patents, during and a f t e r the 1860 's„ 
Both acted f o r Nobel while t h a t i n v e n t o r was i n Paris during 1863 0 Indeed 
i t i s t h i s i n f o r m a t i o n which suggests the f o l l o w i n g possible explanation,, 
Wynants may have needed to employ one or other of the Newtons to secure 
his B r i t i s h p a t e n t 9 while he himself was i n Europe securing his own 
i n t e r e s t there,, The name 'Newton' on a patent may have been no more than 
a necessary f i c t i o n to gain the p r o t e c t i o n of B r i t i s h patent law f o r an 
a l i e n 0 I t w i l l be r e c a l l e d t h a t Von Lenk used the name of his f r i e n d 9 
•if-
The ' P r o v i s i o n a l P r o t e c t i o n 5 columns of Engineering, The Enqineer 0 
Chemical Gazette e t c 1840=1875,, 
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Dohn Revey . 9 when patenting h i s gun-=cotton process i n the United Kingdom,, 
(Mow, having cleared the ground, there i s not a great deal which can 
be said of Saxifragine„ No m a t e r i a l has been found which might i n d i c a t e 
where i t was made,what the process a c t u a l l y was, how successful i t was„ 
A l l t h a t can be said i s derived from a very few 'major' and very general 
sources. 
Saxifragine was made i n gr a i n s . The manufacture was thus very 
s i m i l a r to t h a t of common gunpowder,, A f e a t u r e of the very many l a t e r 
a l t e r n a t i v e s t o gunpowder was t h a t they required no great degree of 
processing, and t h e r e f o r e l i t t l e expensive p l a n t . Saxifragine could 
have been made i n any e x i s t i n g gunpowder m i l l on a co n t r a c t = batch basis. 
Both Abel and C u n d i l l mention t h a t i t was necessary to dust over 
the grains of Wynants' Powder, 'while s t i l l damp' w i t h mealed black gun-
powder. I f t h i s was so, then the formula given f o r the b l a s t i n g powder 
i s not accurately s p e c i f i e d . Assuming t h a t the b l a s t i n g powder was made 
i n r e l a t i v e l y large g r a i n s , the a d d i t i o n of a p e l i c l e of mealed powder 
(and the use of t h i s by no means f i n e powder may imply t h a t Wynants' 
Powder was large grained) would add appreciably to the whole, and s t r i c t l y 
speaking should have been accounted f o r i n the f o r m u l a t i o n . But since i t 
was not, Saxifragine might be said to have been a fewo=stage explosive„ 
When the charge was i g n i t e d the black gunpowder grains disseminated 
throughout = as a separate charge almost - would q u i c k l y have flashed 
through the body of the c a r t r i d g e , i g n i t i n g the exposed surface area of 
the large grains of barium n i t r a t e e x p l o s i v e 0 
Few s p e c i a l p r o p e r t i e s which might have commended Saxifragine over 
black gunpowder are mentioned i n the l i t e r a t u r e , , Only F„A0 Abel, again 
i n his 1872 paper, gives a b r i e f and d i s j o i n t e d resume of some of i t s 
merits s 
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" I n a d d i t i o n to economy, the production of a powder 
which should act w i t h gradually accumulating f o r c e , and which 
should be ap p l i c a b l e as a b l a s t i n g powder, so supplies placed 
i n the hands of miners would not be d i v e r t e d to other purposes 0" 
Whether the economy came from a need to use less powder f o r a given 
job or whether i t was because the i n g r e d i e n t s wer@ cheap i s uncertain,, 
^ a x i f r a g i n e contained no sulphur, d i r e c t l y , and t h i s was always the 
most expensive c o n s t i t u e n t of black gunpowder. Barium n i t r a t e does 
not occur i n Nature i n the s o r t of concentrations t h a t would have been 
needed f o r any extensive use i n e x p l o s i v e s 0 
The value of an explosive which exerts a gradually accumulating 
force can be understood,, In the quarrying of large pieces of stone 9 
such as Gateshead F e l l sandstone which was used f o r m i l l s t o n e making, 
i t was p a r t i c u l a r l y important t h a t the stone should not be shattered; 
a r e l a t i v e l y slow 'nudge' easing the block of stone fre e along i t s 
n a t u r a l j o i n t i n g was what was needed<, 
Concern f o r the misuse of the explosives was growing during the 
lB60's and 1870's and was to lead to several pieces of l e g i s l a t i o n , 
ending i n the 1875 Explosives Act which i s i n force at the present day,, 
Many references c i t e the absence of water of c r y s t a l l i s a t i o n i n the 
molecular s t r u c t u r e of barium n i t r a t e and the f a c t t h a t i t was not i n any 
degree hygroscopic which made i t a candidate f o r use i n place of 
potassium or sodium n i t r a t e i n explosives. 
Of how long Saxifragine-. powder was in use, of what measure of 
p o p u l a r i t y i t enjoyed, nothing can be offered,, References to Saxifragine 
appear i n a r t i c l e s on explosives i n t e c h n i c a l d i c t i o n a r i e s u n t i l w e l l i n t o 
the present c e n t u r y 0 There i s , however, a sameness to them which gives 
r i s e to a suspicion t h a t Saxifragine = and perhaps many other compounds = 
had a much longer l i f e i n p r i n t than they d i d i n practice,, 
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Why barium n i t r a t e of a l l the n i t r a t e s should have been chosen 
as a s u b s t i t u t e f o r potassium n i t r a t e was at f i r s t d i f f i c u l t even to 
guess. However, by chance, during the course of general reading an 
answer was found. Barium n i t r a t e became p l e n t i f u l because i t represented 
an intermediate stage i n the conversion of sodium n i t r a t e ( C h i l e s a l t p e t r e ) 
i n t o potassium n i t r a t e . Wagner's 1860 e d i t i o n of h is Chemical Technology 
(p 0139) describes a process f i r s t a t t r i b u t e d t o Longchamp, Anthon and 
Kuhlman % 
" N i t r a t e of soda i s f i r s t converted i n t o c h l o r i d e of 
barium, n i t r a t e of baryta being formed, and i n i t s t u r n being 
converted i n t o n i t r a t e of potassas=. 
a. 85 k i l o s of n i t r a t e of soda . 1 . 130.5 k i l o s n i t r a t e of 
122 k i l o s of c h l o r i d e of barium baryta and 58 08 
k i l o s of common s a l t 
And 
"... i t i s p r o f i t a b l e to convert native carbonate of baryta 
i n t o c h l o r i d e of barium p f o r instance by exposing w i t h e r i t e to 
the h y d r o c h l o r i c acid fumes produced i n a l k a l i works by the de= 
composition of s a l t . . . " 
Barium carbonate was f i r s t found and analysed by Dr. W i l l i a m Withering, 
n i x e d w i t h barium sulphate, which had been f i r s t suggested by Keir, the 
s a l t s were used i n the making of Wedgwood's jasper ware. Wedgwood 




(1864 ° 1878) 
I n t r o d u c t i o n 
S c h u l t z e Powder s h o u l d be c o n s i d e r e d as s i m p l y a s p e c i a l d e v e l o p — 
ment o f n i t r o ~ c e l l u l o s e 0 I n t h e c h r o n o l o g y of i n v e n t i o n , t h i s 'wood 
gunpowder' was i n t r o d u c e d i n t o t h e U n i t e d Kingdom o n l y a m a t t e r of 
months b e f o r e R„0. Brown was t o b r i n g g u n - c o t t o n t o t h e v i r t u a l optimum 
of i t s u t i l i t y as a b l a s t i n g a g e n t 0 I t i s a l s o remarkable t h a t S c h u l t z e 
powder, coming i n t o use a t t h e t i m e i t d i d , was t o f i n d i t s g r e a t e s t 
a p p l i c a t i o n where g u n - c o t t o n , used a l o n e , had been fou n d t o be un= 
s a t i s f a c t o r y - as a p r o p e l l a n t o 
I t had n o t been i n t e n d e d t o i n t r o d u c e any d i r e c t t r e a t m e n t o f 
p r o p e l l a n t s i n t o t h i s s t u d y 0 But i t i s f e l t = and i t i s hoped t o show 
a d e q u a t e l y - t h a t t h e sur v e y would be i n c o m p l e t e w i t h o u t some con-
s i d e r a t i o n of S c h u l t a e powder 0 The d i s c u s s i o n , however, must be l i m i t e d 
t o t h e p e r i o d 1864 — 1878 0 The c u r t a i l m e n t i s a necessary one 0 The 
S c h u l t z e powder made b e f o r e about 1878 was e s s e n t i a l l y d i f f e r e n t f r o m 
t h a t which was made a f t e r w a r d s 0 
W i t h i n t h e p r o g r e s s i o n of d i s c o v e r i e s which was t o a l l o w t h e e v e n t u a l 
d i s p l a c e m e n t of gunpowder f r o m a l m o s t a l l of i t s form e r uses, S c h u l t z e 
powder r e p r e s e n t s a major b r a n c h i n g — o f f p o i n t . Before t h e i n t r o d u c t i o n 
o f S c h u l t z e powder t h e r e was no s a f e and e f f i c i e n t a l t e r n a t i v e t o b l a c k 
powder, f o r use as a p r o p e l l a n t c . S c h u l t z e powder p r o v i d e d an a l t e r n a t i v e 0 
Moreover i t s t o o d v e r y l a r g e l y a l o ne i n t h i s , a t l e a s t so f a r as t h e 
B r i t i s h market was concerned, f o r a t l e a s t f o u r t e e n y e a r s 0 I t was t o 
ta k e on a s p e c i a l i d e n t i t y o f i t s own 0 I n t h i s s p e c i a l i d e n t i t y i t was 
t o e n j o y an e x t r a — o r d i n a r i l y l o n g p e r i o d of esteem and use„ But t h i s 
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was n o t u n t i l a f t e r 1878 0 
There i s a l s o a sense i n which S c h u l t z e powder c o u l d be s a i d t o 
hav/e been b e f o r e i t s time„ I t was e x c l u s i v e l y a p r o p e l l a n t f o r c i v i l i a n 
use„ T y p i c a l l y , i t was t h e powder used i n the shotguns o f b e t t e r ~ o f f 
t o ' S c h u l t z e ' = i t was a p p a r e n t l y a s o l e c i s m t o say 1Schultze's'„ To 
emphasise t h i s c i v i l i a n a p p l i c a t i o n o f the powder i t i s necessary t o be 
reminded t h a t t h e B r i t i s h Army was n o t i s s u e d w i t h ' C o r d i t e ' ammunition 
u n t i l the Boer (Jar of 1899^1902? s i m i l a r l y 9 t h e American t r o o p s s e n t t o 
f i g h t the Spanish i n Cuba, i n 1892, used b l a c k powder a m m u n i t i o n 0 Thus 
some t h i r t y = f i v e y e ars s t o o d between the i n v e n t i o n o f a smokeless powder 
and i t s a d o p t i o n by t h e P l i l i t a r y 0 Meanwhile, i t was f i n d i n g a r e g u l a r 
and i n c r e a s i n g use where i t s smokeless q u a l i t i e s were l e a s t i m p o r t a n t = 
i n t h e s h o o t i n g o f d r i v e n game 0 
I n the b e g i n n i n g , S c h u l t z e i s t h o u g h t t o have e x p e r i m e n t e d w i t h 
m i x t u r e s of wood g r a i n s and s a l t p e t r e , but t o have moved q u i c k l y t o 
work w i t h t h e n i t r a t e d f i b r e < , 
B r i t i s h p a t e n t l\lo„900 of 1864 secured p r o t e c t i o n f o r t h e i n v e n t i o n 
o f Edward (Sometimes 'Eduard') S c h u l t z e , C a p t a i n of P r u s s i a n A r t i l l e r y 0 
A p a t e n t was a l s o ' r e c o r d e d 0 by an E Q Dronke o f O l d h a l l S t r e e t , L i v e r p o o l , 
on 2 4 t h September 1863: "An improved mode of m a n u f a c t u r i n g gunpowder-
s u i t a b l e f o r m i n i n g and a l l purposes where <, „. „ "<> The communication was 
f r o m Eo S c h u l t z e of Potsdam 0 
Four y e a r s , d u r i n g which t i m e Edward S c h u l t z e seems t o have worked 
a l o n e t o f i n d f i n a n c i a l b a c k i n g f o r h i s i n v e n t i o n i n t h i s c o u n t r y 9 l i e 
between t h e g r a n t i n g of t h e p a t e n t and t h e s e t t i n g up o f the S c h u l t z e 
Gunpowder Company a t Eyeworth, i n the New F o r e s t , i n 1868 D 
sportsmen.. S p o r t i n g r e m i n i s c e n c e s of the p e r i o d abound w i t h r e f e r e n c e s 
  
S a n f o r d , N i t r o ^ E x p l o s i v e s , 1896, p o l 7 3 0 
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The Process of Manufacture 
As a p r o c e s s , t h e manufacture of t h e wood gunpowder was e s s e n t i a l l y 
a s i m p l e ones, but i t was a l s o a r e m a r k a b l y l o n g one, and one which 
r e q u i r e d many d i s t i n c t o p e r a t i o n s , , Water consumption t h r o u g h o u t must 
have been p r o d i g i o u s , , 
A most d e t a i l e d account of the p r o c e s s , a d h e r i n g , i t was acknowledged, 
c l o s e l y t o the o r i g i n a l p a t e n t s p e c i f i c a t i o n , was p u b l i s h e d i n The Engineer 
f o r 2 0 t h January 1865 0 However, s i n c e t h i s i s t o o l o n g t o quote i n i t s 
e n t i r e t y , and t o o r e p e t i t i v e i n i t s s t y l e t o a l l o w much c o n s t r u c t i v e 
e d i t i n g , t h e whole w i l l be r e c a s t i n an a t t e m p t t o p r o v i d e a c l e a r 
d e s c r i p t i o n of S c h u l t z e ' s p r o c e s s 0 
Since S c h u l t z e d r a f t e d h i s p a t e n t s p e c i f i c a t i o n b e f o r e he s e t up 
h i s f a c t o r y i n England, i t i s l i k e l y t h a t what he d e s c r i b e s i n the 
s p e c i f i c a t i o n i s the e x i s t i n g German f a c t o r y 0 He was a l r e a d y w e l l 
e s t a b l i s h e d i n P r u s s i a , i n Potsdam, b e f o r e he came t o England,, 
The base m a t e r i a l f o r t h e making of S c h u l t z e powder was woods 
p o p l a r , l i n d e n , ash, oak,, The o n l y d i s t i n c t i o n made between the 
v a r i o u s k i n d s o f wood was t h a t i t was h e l d t h a t the hard woods — because 
of t h e i r l a r g e r and more dense f i b r e s - y i e l d e d a more p o w e r f u l powder, 
which was t h u s more s u i t e d t o blasting» 
P r o d u c t i o n f e l l i n t o two d i s t i n c t p a r t s ; t h e c h e m i c a l and 
mechanical r e d u c t i o n of t h e wood t o s m a l l p e l l e t s of more or l e s s f r e e 
c e l l u l o s e s . the n i t r a t i o n o f the c e l l u l o s e and i t s c o m b i n a t i o n w i t h 
n i t r a t e s o 
I t s h o u l d be s a i d here t h a t e x a c t l y whajt was b e i n g done was w e l l 
understood,, T h i s was something more than an e m p i r i c a l process,, The 
f o l l o w i n g q u o t a t i o n w i l l show t h e l e v e l of u n d e r s t a n d i n g ; 
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"With r e f e r e n c e t o gunpowders made f r o m wood or c o t t o n , 
i t may n o t be amiss t o p o i n t o u t t h a t t h e f i b r e o f these two 
substances i s c h e m i c a l l y i d e n t i c a l , and t h a t the p r o d u c t s 
o b t a i n e d by t r e a t i n g these two bodies r e s p e c t i v e l y w i t h n i t r i c 
a c i d o f e q u a l s t r e n g t h a re l i k e w i s e u n d i s t i n g u i s h a b l e one f r o m 
another,, Those m a n u f a c t u r e r s , t h e r e f o r e , who choose c o t t o n , do 
so because i t a f f o r d s t h e p u r e s t f i b r e , and t h e r e f o r e needs l e a s t 
cleaning,,»o" 
To o b t a i n t h e s m a l l cubes of wood r e q u i r e d , t i m b e r was f i r s t sawn 
i n t o a 'veneer' of about l / l 6 t h i n c h (l„59 mm) thick n e s s , , The i n i t i a l 
t h i c k n e s s o f the veneer was v a r i e d a c c o r d i n g t o t h e s i z e i n which i t was 
wished t o make t h e f i n i s h e d powder,. 
The veneer was passed t h r o u g h a machine which 'punched' o u t t i n y 
b l o c k s o f wood which were as broad a c r o s s as the veneer was t h i c k , , The 
' r e t i c u l a t e d p l a t e s ' r e m a i n i n g were then u t i l i s e d by being sawn i n t o 
s t r i p s and t h e n i n t o s m a l l i r r e g u l a r p i e c e s o f about the same s i z e as the 
punched—out pieces,, 
A hundred pound (45„36 k g 0 ) batch of the wooden b l o c k s was p l a c e d 
i n a copper w i t h as much water as would f r e e l y f l o a t t h e g r a i n s o f wood; 
t h r e e pounds (l„36 kg„) of c a r b o n a t e of soda was added, and the whole s e t 
t o b o i l f o r ' t h r e e or f o u r ' hours,, At t h e end of t h i s f i r s t b o i l i n g t h e 
f r e e d ' a c i d s and o t h e r e a s i l y s o l u b l e s u b s t a n c e s ' were poured away as a 
d i s c o l o u r e d l i q u i d , t h e water was changed, and the soda was renewed; and 
the b o i l i n g was c o n t i n u e d f o r a f u r t h e r t h r e e or f o u r h o u r s . The ' g r a i n s ' 
were then removed and washed f o r t w e n t y - f o u r hours i n ' c o l d r u n n i n g water'„ 
A f t e r d r y i n g , the g r a i n s were then t r e a t e d t o remove ' p r o t e i n s , 
a l b u mins e t c ' by being steamed f o r f i f t e e n minutes i n an i r o n box w i t h 
a p e r f o r a t e d base 0 Again t h e g r a i n s were washed f o r t w e n t y - f o u r h o u r s , 
and a g a i n they were dried,, 
B l e a c h i n g was done w i t h f i f t e e n pounds ( 6 D 8 kg„) of c h l o r i d e of 
l i m e d i s s o l v e d i n 260 p i n t s ( 1 4 7 0 7 l i t r e s ) of water h e l d i n c l o s e d vessels,, 
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T h i s o p e r a t i o n c o n t i n u e d f o r two hours d u r i n g which t i m e t h e g r a i n s were 
s t i r r e d . A l t e r n a t i v e l y , c h l o r i n e gas was used; the gas mas passed 
t h r o u g h t h e d r y g r a i n s u n t i l a l l t r a c e o f t h e i r c o l o u r was removsd„ 
T h i s c o n c l u d e d t h e f i r s t p a r t o f t h e p r o c e s s . 
There was o f course n o t h i n g v e r y much new about t h i s p a r t o f t h e 
p rocess a t a l i o The making o f paper f r o m pulped wood had been i n use 
s i n c e 1844, f o l l o w i n g t h e d i s c o v e r y made by K e l l e r a t H a i n i c h e n i n Saxony c 
N i t r a t i o n r e q u i r e d 'a m i x t u r e o f 40 p a r t s o f n i t r i c a c i d o f s p e c i f i c 
g r a v i t y 1 048 =• 1.5D w i t h 100 p a r t s o f s u l p h u r i c a c i d of s p e c i f i c g r a v i t y 
1 , 8 4 V e s s e l s w i t h p r o v i s i o n f o r c o o l i n g w i t h c o l d water were used 
f o r t h e n i t r a t i o n , , 
S i x p a r t s by w e i g h t of the g r a i n s were s t i r r e d i n t o one hundred 
p a r t s by w e i g h t of t h e a c i d f o r 'two or t h r e e ' h o u r s 0 
A f t e r n i t r a t i o n , t h e g r a i n s were s e p a r a t e d f r o m the a c i d by b e i n g 
spun i n a c e n t r i f u g a l machine. 
The f o l l o w i n g q u o t a t i o n f r o m t h e s p e c i f i c a t i o n g i v e s some i n d i c a t i o n 
o f t h e g e n e r a l a v a i l a b i l i t y of q u i t e s o p h i s t i c a t e d p r o c e s s i n g machinery 
a t t h e times 
"As t h i s machine (The C e n t r i f u g e ) i s w e l l known and used 
i n sugar r e f i n e r i e s and l a u n d r i e s e t c , a d e s c r i p t i o n i s n o t 
deemed n e c e s s a r y 0 " 
Removal of r e s i d u a l a c i d t o o k l o n g e r than was u s u a l l y needed f o r 
t h e t r e a t m e n t of g u n - c o t t o n = though t h e l e n g t h o f t i m e f o r which the 
g r a i n s were a c t u a l l y b o i l e d was n o t so p r o t r a c t e d , , A f t e r a f i n a l t h r e e 
day l o n g washing i n r u n n i n g w a t e r , t h e g r a i n s were a g a i n b o i l e d i n a 
weak s o l u t i o n of c a r b o n a t e of soda, washed once a g a i n , and a g a i n d r i e d o 
Treatment o f t h e f i n i s h e d g r a i n s w i t h n i t r a t e s = p o t a s s i u m n i t r a t e , 
b arium n i t r a t e , or a m i x t u r e o f b o t h — was a l s o a wet p r o c e s s . The 
s a l t s were d i s s o l v e d i n b o i l i n g water i n a p r o p o r t i o n near t o the 
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s a t u r a t i o n p o i n t f o r the p a r t i c u l a r s a l t or m i x t u r e of s a l t s being used,, 
F i n a l l y , t h e powder was d r i e d f o r e i g h t e e n hours a t a t e m p e r a t u r e of 
between 90 and 112 degrees F a h r e n h e i t (32°C = 44°C), and when d r y i t was 
passed t h r o u g h screens t o remove f i n e d u s t . 
The d u s t f r o m t h e f i n a l s c r e e n i n g process was w e t t e d w i t h 'gum-
water's, pressed under s t r o n g h y d r a u l i c p r e s s u r e i n t o t h i n s h e e t s which 
were a g a i n punched o u t i n t o s m a l l u n i f o r m pieces» Such powder was con-
s i d e r e d t o be 'best s u i t e d f o r r i f l e d s m a l l arms' 0 
T h i s f i n a l r e p r o c e s s i n g , which t o beg i n w i t h was perhaps no more 
t h a n an economy measure, was t o become an e x t r e m e l y i m p o r t a n t f a c t o r i n 
t h e Company's s u r v i v a l and e v e n t u a l success, Powder made t o t h e o r d i n a r y 
s p e c i f i c a t i o n was somewhat l o o s e i n t e x t u r e , , Powder made by t h e r e -
p r o c e s s i n g of the waste d u s t was markedly d i f f e r e n t , , There i s no way of 
knowing e x a c t l y what i t was l i k e w i t h o u t d u p l i c a t i n g t h e p r o c e s s , but i t 
seems s e n s i b l e t o suggest t h a t the g r a i n s of r e p r o c e s s e d S c h u l t z e powder 
were a l i t t l e s m a l l e r , a l i t t l e more dense, smoother ( h o r n — l i k e , perhaps) 
t h a n t h e o r i g i n a l powder 0 Above a l l , t he c e l l u l o s e of t h e reproces s e d 
powder was d i v i d e d i n t o p a r t i c l e s so s m a l l as t o be n o t a t once i d e n t i f i a b l e 
as wood f i b r e s a t all» T h i s d i f f e r e n c e was, however, an e n t i r e l y 
m echanical^ one % t h e r e was p r o b a b l y very l i t t l e c h e m i c a l d i f f e r e n c e 
between t h e two k i n d s o f powder,, 
I t m i g h t be s a i d t h a t S c h u l t a e powder o n l y became s u c c e s s f u l when 
t h e t r e a t m e n t of t h e wood f i b r e s had proceeded t o a st a g e of r e d u c t i o n 
which made them p r a c t i c a l l y i n d i s t i n g u i s h a b l e f r o m p u l p e d c o t t o n linters» 
JJhe_ Proper_ties of_J3chuilt, ze_Powder 
The f i n a l p a ragraph of t h e a r t i c l e i n The. Engineer c i t e d above 
g i v e s a l i s t of t h e s p e c i a l advantages o f f e r e d by the new powder. These 
were o f course t h e inventor's c l a i m s , and i n d e e d , they were i n the l o n g r u n 
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made more or l e s s good 0 The e s s e n t i a l p a i n t s o f these c l a i m s w i l l be 
g i v e n b e l o w 0 But matured and i n f o r m e d i n d e p e n d e n t o p i n i o n , r e c o l l e c t i n g 
t h e performance o f S c h u l t z e powder d u r i n g the f i r s t t w e l v e t o f o u r t e e n 
y e a r s of i t s use i n t h e U n i t e d Kingdom, expresses r e s e r v a t i o n , and some 
d i s s e n t o Something of these o p i n i o n s w i l l a l s o be quoted,, 
S c h u l t z e claimed? 
" l s t 0 I t has f o r e q u a l w e i g h t s f r o m t h r e e t o f o u r 
t imes t h e s t r e n g t h o f gunpowder„" 
" I t can be manufactured a t l e s s c o s t t h a n gunpowder 0" 
" I t s e x p l o s i v e e f f e c t i s more r e g u l a r t h a n gunpowder, 
i n consequence o f the g r e a t e r u n i f o r m i t y of i t s g r a i n s , , " 
" I t s v o l t a t i l e p r o d u c t s being c h i e f l y oxygen, t h e vapour 
of w a t e r , n i t r o g e n , and a s m a l l q u a n t i t y of c a r b o n i c a c i d p 
are n o t o f f e n s i v e t o t h e l u n g s , w h i l e those of gunpowder,,„„" 
As a process of m a n u f a c t u r e , t h e making o f S c h u l t z e powder was 
n o t q u i t e , as i t c l a i m e d , e n t i r e l y safe,, However, o n l y one r e c o r d 
of an e x p l o s i o n a t a S c h u l t z e f a c t o r y has been found i n the sources 
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consulted„ 
The f o l l o w i n g comes fr o m an a r t i c l e i n The Engineer o f 12th Februay 
1868, which a r t i c l e was i n t u r n based upon a paper by a Mr» D o u g a l l which 
had t h e n r e c e n t l y been read b e f o r e t h e Ropal U n i t e d S e r v i c e s I n s t i t u t i o n s 
C a p t a i n S c h u l t z e 8 s j\lew Gunpowder,, (The a r t i c l e i s headed 'White Gunpowder 1 
which shows t h a t t h e nomenclature o f c e l l u l o s e e x p l o s i v e s had n o t a t t h a t 
t i m e been f u l l y r e s o l v e d , a t l e a s t a t t h e l e v e l o f the p o p u l a r and 
p r o f e s s i o n a l j o u r n a l s ) , , 
" I n Potsdam the p o l i c e r e g u l a t i o n s t o p r e v e n t f i r e s a re so 
s t r i n g e n t t h a t they w i l l n o t even l e t a r o c k e t be f i r e d o f f , y e t 
the m a n u f a c t u r e of the new powder i s c o n s i d e r e d so harmless t h a t 
t h e y l e t C a p t a i n S c h u l t z e make i t i n the back garden of h i s p r i v a t e 
r e s i d e n c e 5 t h e works being o n l y f o r t y f i v e f e e t f r o m h i s house,, 
The c h i e f a s s i s t a n t i s a l s o i n t h e h a b i t o f smoking h i s p i p e i n s i d e 
the workso" 
I r i s j \ U n j - v e x ' s i t i e s = Press S e r i e s of_ B r i t i s h P a r l i a m e n t a r y P a p e r s 0 Report 
on t h e c j j - c urns RaneesL A^-keJlQ'jL.n.9_AG—g-!iPlosion a t t h e f a c t o r y o f the S c h u l t z e 
Gjjnjjowder^Company ( L i m i j s e d ) _ a t _ Eyjaworth, Hampshire, on 8 t h August 1877; 
(c„191l) XXIo 709„ ~ 
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T h e e d i t o r of t h e magazine Thg__Field r e c o r d e d h i s own i m p r e s s i o n s 
of Schulze powder as i t had been f r o m i t s i n t r o d u c t i o n u n t i l 1878, when 
he h i m s e l f i n s t i t u t e d some s y s t e m a t i c t r i a l s o f t h e powder,, T h i s g i v e s 
a more balanced p i c t u r e of S c h u l t z e powders 
" A f t e r a t i m e a company was formed i n England, w i t h 
C o l o n e l Gompertz as i t s p r o m o t e r , and works i n Hampshire, 
t o c a r r y o u t t h e S c h u l t z e p a t e n t ; and t h e i r powder was an 
improvement on t i e o r i g i n a l i n p o i n t o f f o r m , b e i n g composed 
of c o m p a r a t i v e l y r e g u l a r g r a n u l e s , i n s t e a d o f the f i b r o u s ones 
which r e s u l t e d f r o m t h e f i r s t process,. The improvement i n i t s 
manufacture a t Ringwood (The second f a c t o r y ) were r e g u l a r and 
g r a d u a l , as g e n e r a l l y happens, the chemist i n charge o f the works 
(["lr« G r i f f i t h s ) , though w e l l s k i l l e d i n h i s own d e p a r t m e n t , had 
no knowledge of t h e sportsmen's r e q u i r e m e n t s , and n e i t h e r he nor 
C o l o n e l Gompertz was a b l e t o examine the powder, when made, f r o m 
a sportsman's p o i n t of view „<, „ But about t h e year 1878 i t s 
q u a l i t y so improved „„„ t h a t I d e t e r m i n e d t o i n s t i t u t e a com~> 
p e t i t i v e t r i a l of i t i n comparison w i t h the b l a c k powder „„ 0 
The T r i a l came o f f a t Wimbledon i n Hay 187B 0" 
The Modern Sportsman's Gun and R i f l e 
by D0Ho Walsh ('Stonehenge'), p u b l i s h e d 
Horace Cox, "The F i e l d " O f f i c e 346, 
S t r a n d , W„C<, 1882, Chapter X ( p 0 2 9 8 ) 0 
'Stonehenge 1 was e x t r e m e l y t h o r o u g h i n h i s e x a m i n a t i o n o f S c h u l t z e 
powder,, He went so f a r as t o commission a chemist t o c a r r y o u t an 
a n a l y s i s o The c h e m i s t ' s r e p o r t on S c h u l t z e powder g i v e s us t h e 
c l o s e s t view of the c o m p o s i t i o n i t was p o s s i b l e t o g i v e f o r the l e v e l of 
a n a l y s i s a v a i l a b l e a t t h e t i m e ; 
" o o 0 S c h u l t z e powder, i n i t s e a r l y days, was made from 
wood f i b r e i n a c o n d i t i o n r e s e m b l i n g a m i x t u r e o f sawdust and 
shreds or s p l i n t e r s , f o r which r o u g h l y c u t cubes were after=» 
wards s u b s t i t u t e d , , T h i s would be a cheap m a t e r i a l , b u t on 
account of the l a r g e amount o f gummy and o t h e r i m p u r i t i e s t h a t 
have t o be removed, i t r e q u i r e s even g r e a t e r care t h a n i s r e q u i s i t e 
w i t h c o t t o n O o o t h e g r a n u l a t e d S c h u l t z e powder now produced 
appears t o be made fr o m pulped wood f i b r e , p a r t i a l l y c o n v e r t e d 
i n t o "gun~cotton' „ o» t h e n mixed w i t h n i t r e 0 0 o and c o n s e q u e n t l y 
c o n s o l i d a t e d i n t o g r a i n s by p r e s s u r e »°» 
Where a c c i d e n t s have o c c u r r e d w i t h any such powders i t 
has g e n e r a l l y been t r a c e d t o a d e s i r e t o q u i c k e n the r a t e of 
combustion ( w h i c h i s s u r e l y q u i t e unnecessary) by i n c r e a s i n g 
th e p ercentage o f more h i g h l y e x p l o s i v e substances,, I n the 
sample of S c h u l t z e t h a t caused s e v e r a l a c c i d e n t s i n 1878 I 
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f o u n d t h a t one h a l f of t h e wood f i b r e s had been c o n v e r t e d i n t o 
g u n - c o t t o n , „, whereas i n the o r d i n a r y samples o n l y about one 
t h i r d of the wood f i b r e i s so c o n v e r t e d , , o 
F 0 Woodland Toms F,C,S„, 
7 Busby P l a c e , N 0 W „ 9 5 t h October 1 B B 2 
L e t t e r t o D 0H, Walsh 
P u b l i s h e d i n ; 
The Modern Sportsman's Gun and R i f l e 
by 3„H, Walsh ('Stonehenge') P u b l i s h e d 
Horace Cox, "The F i e l d " , O f f i c e 3 4 6 
S t r a n d , W o C 0 1 8 8 2 ( p , 3 2 6 ) 0 
Other Uses o f S c h u l t z e Powder 
Aside f r o m h i s p r o p e l l a n t powder, S c h u l t z e a l s o o f f e r e d a b l a s t i n g 
powder. L i t t l e i n f o r m a t i o n r e g a r d i n g t h i s branch of h i s work i s 
r e c o r d e d i n the l i t e r a t u r e . I t may be t h a t i n the e a r l y y ears a f t e r 
he had i n v e n t e d h i s powder S c h u l t z e was not e n t i r e l y s u r e of t h e most 
s u i t a b l e a p p l i c a t i o n f o r i t . I n t h e U n i t e d S e r v i c e s Paper c i t e d above, 
D o u g a l l makes the s t a t e m e n t ; 
" C a p t a i n S c h u l t z e i s now making seven d i f f e r e n t k i n d s 
of h i s powder, each adapted t o i t s own p a r t i c u l a r purpose," 
C e r t a i n l y t h e powder c o u l d be used as an e x p l o s i v e , D o u g a l l 
r e p o r t s h a v i n g w i t n e s s e d a d e m o n s t r a t i o n of i t s use under waters though 
i t s h o u l d be s a i d t h a t the charge used was m i n u t e , 
S c h u l t z e b i a s t i n g powder was much Lhe same as h i s p r o p e l l a n t powder 
e x c e p t t h a t an a n s p e c i f i e d percentage o f c h a r c o a l was added, C u n d i l l , 
i n h i s d i c t o n a r y , g i v e s f o r m u l a e f o r two powders made by S c h u l t z e which 
c o n t a i n such e x t r a c o n s t i t u e n t s as 1 0 per c e n t of s u l p h u r , and very s m a l l 
p e r c e n t a g e s of p a r a f f i n e and ' n i t r o ^ t a r ' . These f o r m u l a e , however, 
almo s t c e r t a i n l y come fr o m a l a t e r dates C u n d i l l d e s c r i b e s b o t h as 
' A u t h o r i s e d ' e x p l o s i v e s . 
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The Place of Snhultz-e Powder 
I t has been easy t o p l a c e S c h u l t z e powder w i t h i n a c l a s s i f i c a t i o n 
of t h e e x p l o s i v e substances which were d i s c o v e r e d and developed d u r i n g 
the n i n e t e e n t h century,, I t was a f o r m of n i t r o - c e l l u l o s e which 
d i f f e r e d from the main p r o g r e s s i o n of development o n l y i n t h e use of a 
s l i g h t l y u n usual raw m a t e r i a l . 
The reason f o r t h i s c h o i c e of raw m a t e r i a l came about al m o s t 
c e r t a i n l y because t h e i n v e n t o r came fr o m P r u s s i a where wood-pulp was 
more p l e n t i f u l t h an c o t t o n l i n t e r s , and where, i t s h o u l d be s a i d , a t 
t h a t t i m e t h e r e was a more ready a p p r e c i a t i o n of the f a c t t h a t wood-
p u l p and c o t t o n were e s s e n t i a l l y t h e same thing,, S c h u l t z e powder m i g h t 
w e l l be c o n s i d e r e d as an e a r l y example of an e r s a t z m a n u f a c t u r e . 
A d d i t i o n a l O b s e r v a t i o n s 
I t was p a r t i c u l a r l y f o r t u n a t e f o r S c h u l t z e , and f o r t h e c o n t i n u e d 
development of h i s powder, t h a t he made h i s d i s c o v e r y a t the t i m e he d i d , 
f o r i t l o o k s t o have depended c r u c i a l l y f o r i t s s u c c e s s f u l a p p l i c a t i o n 
upon s e v e r a l o t h e r i n v e n t i o n s which were i n t r o d u c e d o n l y a l i t t l e t i m e 
b e f o r e and a l i t t l e t i m e a f t e r he opened h i s U n i t e d Kingdom f a c t o r y . 
As i t i s d e s c r i b e d i n i t s o r i g i n a l f o r m , t h e powder alm o s t 
c e r t a i n l y r e q u i r e d t h e use of a b r e e c h - l o a d i n g gun. I t would have been 
w a s t e f u l and d i f f i c u l t t o charge a m u z z l e - l o a d i n g gun w i t h so l i g h t and 
f l o c k — l i k e a powder, e s p e c i a l l y i f t h e r e were any breeze b l o w i n g . And, 
a g a i n , t h e use of a ramrod would have produced j u s t those d i f f e r e n c e s i n 
the p a c k i n g of the charge which were l a t e r t o be the cause of such wide 
v a r i a t i o n s i n t h e powder's performance„ 
The f i r s t t r u l y s a f e and e f f i c i e n t b r e e c h - l o a d i n g shotgun was 
b r o u g h t o u t by t h s London gun-maker Daw i n 1861, The s e l f - c o n t a i n e d 
c a r t r i d g e upon which t h e b r e e c h — l o a d i n g shotgun depended f o r i t s 
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e f f i c i e n c y and s a f e t y had been i n v e n t e d by L a n c a s t e r i n 1851| P o t t e t 
p a t e n t e d what oas e s s e n t i a l l y the modern shotgun c a r t r i d g e i n 1860 o 
None of the above would have e n j o y e d any e x t e n s i v e use w i t h o u t 
an i n c r e a s e i n the sheer numbers o f b r e e c h — l o a d i n g shotguns which 
advances i n machine t o o l s made p o s s i b l e 0 Daw's shotgun c o s t f i f t y 
g u i neas i n 1861| Lang was a b l e t o s e l l a ' p l a i n ' gun f o r tw e n t y pounds 
i n 1865$ i t was n o t u n t i l 1874 t h a t Bland was a b l e t o o f f e r a 'keeper's 
gun' s one t h a t was d e v o i d of a l l d e c o r a t i o n but which was e s s e n t i a l l y a 
q u a l i t y weapon, a t s i x guineas,, The c o s t s can, of c o u r s e , o n l y be 
reckoned as r e l a t i v e t o each other,, The wage f o r a town l a b o u r e r a t t h e 
t i m e was about a guinea a weekj the c o s t of t h e Daw gun would, t h e r e f o r e , 
have been seen as e x t r e m e l y e x p e n s i v e by most p e o p l e j w h i l e t h e Bland gun 
mi g h t have been c o m f o r t a b l y w i t h i n t h e reach of a tradesman i n a modest 
way of business,, 
The impetus f o r t h e p o p u l a r i t y of t h e s o r t of f i e l d s p o r t s which 
r e q u i r e d the e x p e n d i t u r e o f v a s t q u a n t i t i e s o f ammunition cannot be 
d i s c u s s e d here,, However, i t can be remarked t h a t t h i s fondness f o r 
s h o o t i n g rose t o such a h e i g h t t h a t a t one p o i n t (1880) t h e London gun-
s m i t h s were t o c o m p l a i n about t h e l e g a l l i m i t s imposed upon the q u a n t i t y 
o f S c h u l t z e powder they were a l l o w e d t o keep on t h e i r premises,, 
Something might be s a i d here o f t h e commercial i m p e r a t i v e s which 
f a c e d t h e S c h u l t z e Gunpowder Company,, From a c o s t s - p r o f i t s p o i n t o f 
view i t was necessary t h a t t h e f i r m s p e c i a l i s e e a r l y i n a powder f o r 
c a r t r i d g e s , , The t e c h n o l o g i c a l n i c h e which S c h u l t z e was t o f i t f o r so 
l o n g was d e t e r m i n e d by t h e most u s e f u l p r o p e r t i e s t h e powder c o u l d o f f e r . 
Now, a hundred pound b a t c h of f i n i s h e d S c h u l t z e powder would make 
up i n t o about 14,000 f i n i s h e d c a r t r i d g e s ; 
7,000 g r a i n s x 100 _ ^ 0 Q 0 
50 g r a i n s 
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a„ ( 1 g r a i n - O0648 gram) 
b 0 (Seven thousand g r a i n s e q u a l one pounds f i f t y g r a i n s was 
an o r d i n a r y f u l l charge f o r a 12 bore shotgun„ Modern 
Shotguns, Greener, 2nd Edn« 1891, f a c s i m i l e Edn 0) 
The same hundred pound b a t c h of powder would make up i n t o o n l y f o u r 
hundred f o u r — o u n c e (114 grams) b l a s t i n g c a r t r i d g e s . The t r a d e i n 
b l a s t i n g e x p l o s i v e s was a t t h a t t i m e e x t r e m e l y competitive„ 
S c h u l t z e powder, used as a p r o p e l l a n t , had few s e r i o u s c o m p e t i t o r s -
save b l a c k gunpowder — f o r a t l e a s t t w e l v e years a f t e r i t s i n t r o d u c t i o n , ; 
What mi g h t have been a f o r m i d a b l e c o m p e t i t o r , P r e n t i c e ' s Gun-cotton 
powder, was a b r u p t l y removed when the Stowmarket f a c t o r y was d e s t r o y e d 
by the e x p l o s i o n of 1871„ 
Edward S c h u l t z e w r o t e a book; 
"The New Chemical Gunpowder (Sawdust-powder), and i t s 
advantages over Black Gunpowder and i t s S u b s t i t u t e s ; , " 
by C a p t a i n E 0 S c h u l t z e , p u b l i s h e d Asher and Co„, 1865 0 
I t has n o t been p o s s i b l e t o f i n d a copy of t h i s w o r k 0 
The i n f o r m a t i o n t h a t a l l o f the s t a f f = not the workers <= a t the 
B r i t i s h S c h u l t z e f a c t o r i e s were i n t e r n e d i n 1914 a l l o w s us t o conclude 
t h a t the c o n n e c t i o n w i t h Germany remained strong,, 
i A n _ _ A d d i t i o n a l Mote 
The P h i l o s o p h i c a l Magazine f o r March of 1847, d u r i n g the course o f 
a paper, X L I I I o _0n_ j j j j n ~ C o t t o n by E 0F<, Teschemacher, p 0 2 6 1 , c o n t a i n s the 
f o l l o w i n g % 
"Many o t h e r v e g e t a b l e f i b r e s may be s u b s t i t u t e d f o r 
c o t t o n ooo i t appears they do n o t possess the e x p l o s i v e f o r c e 
of c o t t o n 0 I n a t r i a l upon f l a x , I f o u n d 50 grs„ i n c r e a s e d 
i n w e i g h t t o 72 grss t h e e x p l o s i v e f o r c e was f e e b l e s t h i s 
was the case w i t h sawdust s i m i l a r l y p r e p a r e d ; but i t i s 
p o s s i b l e t h a t t h i s f o r m of impure l i g n i n may e v e n t u a l l y be 
more i m p o r t a n t t h a n i t appears a t p r e s e n t , , . " 
E o F o Teschemacher had p r e p a r e d what he c a l l e d 'gun-sawdust' 




(1B65 - 1869) 
T h i s e x p l o s i v e was a t r u e gunpowder. The c o n s t i t u e n t s were much 
t h e same as those used i n common b l a c k gunpowders the p r o p o r t i o n s of 
those c o n s t i t u e n t s were n o t s i g n i f i c a n t l y d i f f e r e n t f r o m those o r d i n a r i l y 
used, 
The powder was i n v e n t e d by Gustave A d o l f Neumeyer, d e s c r i b e d as a 
'q u a r r y manager and owner, o f Tauch i n Saxony', Whether IMeumeyer 
a t t e m p t e d t o promote h i s i n v e n t i o n f i r s t on t h e C o n t i n e n t , or whether he 
aimed d i r e c t l y a t a B r i t i s h m a rket, i s n o t known. The i n v e n t i o n was 
secured i n t h e U n i t e d Kingdom by two p a t e n t s . The f i r s t , B r i t i s h p a t e n t 
No, 1,636, was r e g i s t e r e d on 1 7 t h Dune 1865| t h e second, B r i t i s h p a t e n t 
No, 1,408, was r e g i s t e r e d on 1 3 t h May 1867, 
C u n d i l l g i v e s t h e f o l l o w i n g v e r y o r d i n a r y f o r m u l a f o r Neumeyer's 
Gunpowder; 
S a l t p e t r e , , , „ „ o o , 75 p a r t s 
C h a r c o a l „ ..•><.. o 18 075 p a r t s 
Flowers of Sulphur ,,,,<, 6<>25 p a r t s 
The f i r s t p a t e n t s p e c i f i e d t h a t birchwood c h a r c o a l which had been 
steeped i n so d a - l y e s h o u l d be used. T h i s r e q u i r e m e n t was d i s c o n t i n u e d 
i n t he second p a t e n t o The purpose o f the s o d a _ — l y e was t o suppress t h e 
f l a m m a b i l i t y o f t h e c h a r c o a l , IMeumeyer had had a t l e a s t one a t t e m p t a t 
p a t e n t i n g such a c h a r c o a l on i t s own. The s u b m i s s i o n occurs i n the 
'Not Proceeded W i t h ' columns of the .Englis h_ Me c h a n i c f o r May 1864 0 
The use o f the f l o w e r s o f s u l p h u r was u n u s u a l . This f o r m of 
s u l p h u r was c o n s i d e r e d u n s u i t a b l e f o r use i n powders because of the 
s u l p h u r o u s a c i d s i t c o n t a i n e d . However, f l o w e r s o f s u l p h u r had the 
advantage of be i n g a l r e a d y i n a f i n e l y d i v i d e d s t a t e . Also f l o w e r s of 
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s u l p h u r , which was b e g i n n i n g t o be produced i n q u a n t i t y as a by-
p r o d u c t f r o m a number o f i n d u s t r i a l sources i n t h e l a t e r 186Q's p 
may have been very much cheaper t h a n the i m p o r t e d rock s u l p h u r 
p r e f e r r e d by t h e powder makers,, 
A s h o r t e n t r y i n C u n d i l l ' s d i c t i o n a r y p r o v i d e s a l l t h e i n f o r m a t i o n 
which has been found on t h e process of manufacture,, The i n g r e d i e n t s 
were w e t t e d w i t h f o r t y per c e n t of water - presumably o f t h e i r w e i g h t , 
f o r o t h e r w i s e t h e m i x t u r e would have been a s l u r r y - and then w e l l 
i n c o r p o r a t e d by being m i l l e d f o r f i f t e e n minutes i n a drum f i t t e d w i t h 
r e v o l v i n g arms. The m i x t u r e was ready f o r use as soon as i t had been 
d r i e d 0 Some a r t i f i c i a l method of d r y i n g must be guessed a t ; f o r i f 
such a wet m i x t u r e were a l l o w e d t o d r y o u t g r a d u a l l y , some o f t h e 
s a l t p e t r e would have tended t o e f f l o r e s c e o u t as pure c r y s t a l s , , 
The l i s t o f the p r o p e r t i e s c l a i m e d f o r the new gunpowder was fulsome,, 
There was t h e u s u a l e a r n e s t p r e d i c t i o n t h a t gunpowder of the o r d i n a r y k i n d 
would be e n t i r e l y superseded, a t l e a s t i n m i n i n g o p e r a t i o n s , 
" S a f e t y from e x p l o s i o n as l o n g as i n c o n t a c t w i t h t h e 
atmosphere, which r e n d e r s i t f i t f o r f a b r i c a t i o n , and conveyance; 
2, much l e s s smoke; 3, l e a v i n g l e s s r e s i d u e ; 4, g i v i n g l e s s 
r e c o i l ; 5, i t s s t r e n g t h w i l l n o t be d i m i n i s h e d by wet or a damp 
atmospheres on being r e d r i e d i t w i l l c o n t a i n the same d e s t r u c t i v e 
powders; 6, i n commercial v a l u e i t i s much cheaper t h a n o t h e r 
powders„" 
Neumeyer's P a t e n t S p e c i f i c a t i o n , quoted 
f r o m The E n g i n e e r , 2 1 s t December 1866„ 
The powder was meant t o be used e x c l u s i v e l y i n m i n i n g c a r t r i d g e s , 
where i t would have exploded r e a d i l y when under s t r o n g c o n f i n e m e n t i n a 
s h o t h o l e 0 
L i k e Gale, who was a c t i v e a t about the same t i m e 9 IMeumeyer 
o f f e r e d t h e p u b l i c a ' s a f e t y ' gunpowder; 
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"The t e r m ' i n e x p l o s i v e ' may s a f e l y be a p p l i e d , i n as much 
as t h e r e i s no p o s s i b i l i t y of i t s e x p l o d i n g , e i t h e r d u r i n g i t s 
m a n u f a c t u r e , s t o r a g e , or m a n i p u l a t i o n , , Not u n t i l t h e p roper 
momont of i g n i t i o n , when i t i s w e l l rammed home, i s i t s energy 
developed 0°o" 
A p r o m o t i o n a l e x h i b i t i o n was staged i n the grounds of the C r y s t a l 
Pa]sce d u r i n g December of 1866 0 (The day was t h e Saturday b e f o r e the 
2 1 s t December, so i t was the 15ths The Engineer of 2 1 s t December 1866 
opens an a r t i c l e on t h e d e m o n s t r a t i o n w i t h t h e words 'On Saturday l a s t , , , ' ) 
The c e n t r e p i e c e of t h e show was a m i n i a t u r e house, some f i v e f e e t (152„4 cm 
s q u a r e , 'and h a v i n g two chimneys made of f i v e i n c h (12,7 cm) d r a i n p i p e , , , ' 
" T h i r t y f i v e pounds o f Neumeyer's powder was p l a c e d i n s i d e 
the house and i g n i t e d D An immense body of flame i s s u e d t h r o u g h 
t h e openings i n the r o o f , b u t t h e powder s i m p l y b u r n t , and moved 
n e i t h e r b r i c k nor s l a t e ! Three pounds uf o r d i n a r y gunpowder 
under the same c o n d i t i o n s blew the l i t t l e house a p a r t o " 
T h i s was sheer showmanship,, The house o f f e r e d about one hundred 
and t w e n t y f i v e c u b i c f e e t ( 3540 o24 l i t r e s ) , i n which t h e gases f r o m the 
b u r n i n g powder c o u l d expand,, The p r o v i s i o n of the two f i v e i n c h d r a i n -
p i p e s used as 'chimneys' verged on the f r a u d u l e n t . The area of t h e two 
f i v e i n c h c i r c l e s was e q u i v a l e n t t o a h o l e some 6 025 x 6 025 i n c h e s square 
(155 cm, x 15,9 cm). T h i s was a c o n s i d e r a b l e - and i n the event a 
s u f f i c i e n t - s a f e t y f a c t o r . The whole performance depended upon the 
slow b u r n i n g n a t u r e of Neumeyer's powder. The t h r e e pounds o f common 
gunpowder blew the house a p a r t i n such f i n e f a s h i o n s i m p l y because i t 
burned so v e r y much more q u i c k l y , , 
The wonder i s t h a t s e r i o u s credence was g i v e n t o t h i s i n v e n t i o n a t 
a l i o There must have been many who saw t h r o u g h the C r y s t a l PalacB 
d e m o n s t r a t i o n . 
The p a t e n t s themselves were f r a g i l e . I t c o u l d h a r d l y have escaped 
anyone f a m i l i a r w i t h powder and b l a s t i n g t h a t o r d i n a r y b l a s t i n g gunpowder 
c o u l d be w e t t e d and w e l l mixed t o d i s s o l v e t h e g r a n u l a t i o n t o make a ver y 
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s i m i l a r p o u d e r 0 The l o s s of t h e f l o w e r s of s u l p h u r would have made 
l i t t l e d i f f e r e n c e . Since damp was the most common source of 
d e t e r i o r a t i o n i n gunpowder, any s p o i l e d gunpowder c o u l d have been 
d i s p o s e d of i n t h i s way 0 
Neumeyer was f o r t u n a t e i n t h e p u b l i c i t y he r e c e i v e d f o r h i s 
i n v e n t i o n , , Ths_^n£i£gg£ °f 1 1 t h February 1869 c o n t a i n s a w e l l - i n f o r m e d 
a r t i c l e , one of a s e r i e s , E x p l o s i v e Compounds f o r E n g i n e e r i n g Purposes 
by Mr. Pe r r y l\)ursey 0 
I t i s p a r t i c u l a r l y t o be note d t h a t f u l l y two years a f t e r t he 
i n t r o d u c t i o n o f Neumeyer's i n v e n t i o n t h e a r t i c l e i s u n r e s e r v e d l y favourable,, 
W i t h i n h i s l o n g a r t i c l e Nursey de v o t e s more t h a n two thousand - f i v e hundred 
words t o Neumeyer's Powder. Rather more t h a n a t h i r d of the coverage 
i s t a k e n up by a s y n o p s i s o f the l o c a t i o n s of the t r i a l s o f t h e e x p l o s i v e 
and r a t h e r p r e c i s e d e t a i l s o f the f o r m t h e e x p e r i m e n t a l b l a s t s t o o k 0 
The powder was demonstrated w i d e l y - p r i n c i p a l l y i n t h e Welsh 
s l a t e q u a r r y i n g a r e a s . Though a t M a r k f i e l d s Q u a r r i e s i n L e i c e s t e r i t 
i s r e p o r t e d t o have been s u c c e s s f u l y used w i t h g r a n i t e , , 
Nursey r e p o r t s on the p r o p e r t i e s of Neumeyer's e x p l o s i v e i n a way 
which i s r e m i n i s c e n t of the p h r a s i n g of a V i c t o r i a n conundrum: 
"<,o<, b u l k f o r b u l k , Neumeyer's powder, when w e l l tamped, 
i s e q u a l l y as s t r o n g , i f n o t s t r o n g e r , t h a n o r d i n a r y powders 
w h i l s t w e i g h t f o r w e i g h t , Neumeyer's powder i s t h e s t r o n g e r of 
the t w O o I n p o i n t of w e i g h t , t h e new powder i s one s i x t h 
l i g h t e r t h a n t h e o l d 0 o o " 
I t i s remarkable t h e r e was no g r e a t p r o t e s t t h a t Neumeyer's 
Gunpowder was n o t h i n g more t h a n an unpressed, wet—mixed, i l l — i n c o r p o r a t e d 
c o m p o s i t i o n , a v i r t u a l f i r e w o r k m i x t u r e , of a k i n d a k i n t o the crudQ-
gunpowders of the l a t e M iddle Ages, 
GoAo Neumeyer l o o k s t o have s p e n t much e n t e r p r i s e and e f f o r t , and 
t h i s a t a t i m e when t h e development of e x p l o s i v e s was a c c e l e r a t i n g and 
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e x p a n d i n g , i n f o s t e r i n g a t e c h n o l o g i c a l r e g r e s s i o n , , 
Y e t , i n p r a c t i c a l t e r m s , Neumeyer was a b l e t o t u r n t o account the 
p l a i n i n e f f i c i e n c y i n h e r e n t i n a powder t h a t was made from low-grade 
m a t e r i a l s and c r u d e l y processed* For t h i s reason more t h a n any o t h e r , 
t h e ' i n v e n t i o n ' deserves i t s s h o r t mention,. 
The l a s t r e f e r e n c e f o u n d wlhfch d e a l s w i t h Neumeyer's Gunpowder 
o c c u r s i n t h e J o u r n a l E n g i n e e r i n g f o r 2 9 t h A p r i l 1871„ The a r t i c l e i s 
e n t i t l e d ' E x p l o s i v e Substances' and i s a v e r y c l o s e paraphrase o f the 
a r t i c l e by Nursey c i t e d above,, However, i t ends w i t h t h e a d d i t i o n a l 
i n f o r m a t i o n s 
but n o t w i t h s t a n d i n g a l l t h i s , and a l t h o u g h of so 
p r o m i s i n g a c h a r a c t e , a l l endeavours t o render i t a commercial 
success i n England f a i l e d , however we b e l i e v e i t s t i l l c o n t i n u e s 
t o be manufactured and used, f! 0 Neumeyer h a v i n g e r e c t e d l a r g e 
m i l l s w i t h steam power a t A t t e n b u r g and two o t h e r p l a c e s i n 
Germany about f i v e or s i x years since„" 
The f i n a l sertence i n t h e paragraph p r e s e n t s a c o n t r a d i c t i o n ; 
" T h i s m a t e r i a l i s wo r t h y of n o t i c e as be i n g the o n l y 
e x p l o s i v e i n the c o n d i t i o n o f g r a i n e d powder which has proved 
s u p e r i o r t o gunpowder f o r b l a s t i n g ^ which can be used f o r f i r e ~ 
arms? which r e a l l y embodies c o m p a r a t i v e s a f e t y c o u p l e d w i t h 
g r e a t e r energy than o r d i n a r y gunpowder,," 
As was seen, one o f the main c h a r a c t e r i s t i c s o f t h e powder 
i n v e n t e d by Neumeyer was t h a t i t p a r t i c u l a r l y was n o t gra n u l a t e d , , 
A l l t h a t can be suggested by way of e x p l a n a t i o n f o r the above i s t h a t 
Neumeyer r e t u r n e d t o Germany and s e t up as a m a n u f a c t u r e r o f a 
c o n v e n t i o n a l b u t cheap gunpowder? o r , t h a t he a g a i n t o o k up an o l d 
p r a c t i c e and was m a n u f a c t u r i n g a k i n d of ' s e r p e n t i n e ' gunpowder, 
where t h e p a s s i n g of s l i g h t l y damp powder t h r o u g h s i e v e s gave r i s e t o 
a l o o s e l y g r a n u l a r form,, 
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CHAPTER ID 
GALE'S PROTECTED GUNPOWDER 
(1865_=JL866) 
The s t o r y of Gale's P r o t e c t e d Gunpowder e x e m p l i f i e s a t e c h n o l o g i c a l 
c u l - d e - s a c s a dead end down a ve r y s h o r t lane,, But i t does serve t o 
g i v e an i n s i g h t i n t o t h e human s i d e of the p r o g r e s s of e x p l o s i v e s 
d u r i n g t he period,, 
Almost nowhere i n t h e course o f t h i s s t u d y has t h e r e been r e v e a l e d 
more t h a n a t r a c e of t h e s u b j e c t i v e , t h e humanly f r a i l s i d e of th e men 
who worked t o ta k e t he s c i e n c e and t e c h n o l o g y o f e x p l o s i v e s f r o m a f o l k = 
l o r e s u r r o u n d i n g a p r i m i t i v e m i x t u r e t o a c o h e r e n t body o f t h e o r y and a 
g r e a t a r r a y o f complex c h e m i c a l compounds i n t h e course o f o n l y f i f t y or 
so yearso Beyond an o c c a s i o n a l f l i c k e r of p r o f e s s i o n a l p i q u e , or a s l i g h t 
damning by f a i n t p r a i s e , both o n l y t o be d e t e c t e d by a c e r t a i n a s p e r i t y 
i n t h e prose s t y l e of t h e i r p r o f e s s i o n a l p u b l i c a t i o n s , t h e c h i e f a c t o r s 
i n t h e s t o r y of modern e x p l o s i v e s are seldom known by a n y t h i n g e l s e but 
th e a c c o u n t s of t h e i r w o r k c C h a r a c t e r s o t h e r t h a n p r i n c i p a l s r e c e i v e 
s c a r c e a mention,, There must s u r e l y have been many hundreds o f 'second 
c h e m i s t s ' and ' i n t e l l i g e n t foremen' who made s i g n i f i c a n t c o n t r i b u t i o n s , , 
I n t h e case of Gale's P r o t e c t e d Gunpowder, however, t h e r e are 
p e r s o n a l i t i e s , . 
The manufacture and s a l e o f e x p l o s i v e s i s a busi n e s s l i k e any 
other,, I n the n i n e t e e n t h c e n t u r y i t was perhaps much more l i k e any 
o t h e r b u s i n e s s t h a n the p r e s e n t day e x p l o s i v e s i n d u s t r y , , Gunpowder, 
common b l a c k gunpowder, as a s t a b l e and u n i f o r m p r o d u c t , was, i n the 
m i d - s i x t i e s of l a s t c e n t u r y , s t i l l the most commonly used e x p l o s i v e 
substance;, There was a l a r g e market f o r it„ The main o b j e c t i o n t o 
gunpowder was t h a t i t was so e a s i l y f l a s h e d off„ The two q u o t a t i o n s 
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g i v e n below a r e t y p i c a l o f dozens - perhaps hundreds - t h a t c o u l d be 
c u l l e d from l o c a l newspapers o f the time,, 
"January 28 = An e x p l o s i o n t o o k p l a c e i n the shop of 
Clr. S t o u t , King S t r e e t , South S h i e l d s , which s e t f i r e t o the 
premises and d i d c o n s i d e r a b l e damage,, I t seems h i s a p p r e n t i c e 
was alone i n the shop, and had by some a c c i d e n t s e t f i r e t o a 
f i v e pound c a n i s t e r of gunpowder. The boy was very much burnt,, 
"September 10 = An a c c i d e n t o c c u r r e d t h i s e v e n i n g , i n t h e 
shop o f Plessrs,, T u r n b u l l and Co„ 9 s a d d l e r s and i r o n m o n g e r s , i n the 
Bigg Market, Newcastle,, A l i t t l e boy was p l a y i n g w i t h an unloaded 
gun, when a spark f r o m a f l i n t f e l l i n t o a drawer c o n t a i n i n g 
gunpowder and exploded i t , b l o w i n g o u t t h e windows w i t h some 
f o r c e , and dashi n g every square t o atoraso.." 
Fordyces Remarkable Events 
1838 L o c a l Record 
Newcastle upon Tyne 
Gunpowder was r e t a i l e d by g r o c e r s i n c o u n t r y d i s t r i c t s f o r use i n 
s p o r t i n g guns| i n m i n i n g areas i t was s o l d a c r o s s t h e c o u n t e r i n paper 
pokeso I t was k e p t i n t h e home, where i t was even used on o c c a s i o n 
f o r b l o w i n g t h e s o o t f r o n f l u e s and the backs of ovens„ 
With a commodity of so wide a use and such dangerous q u a l i t i e s , i t 
i s easy t o see how any i d e a which c o u l d r e n d e r gunpowder ' s a f e ' would 
a t t r a c t a t t e n t i o n and investment;, And so i t was„ Gale's P r o t e c t e d 
Gunpowder came c l o s e t o b e i n g — i f o n l y f o r a s h o r t t i m e — a minor 'mania 0? 
i t a l s o n a r r o w l y a v o i d e d b e i n g a commercial ' b u b b l e ' 0 The whole business 
f r o m b e g i n n i n g t o end was conducted w i t h a c e r t a i n passion,, 
I t has been t h o u g h t more a p p r o p r i a t e t o t h e m a t e r i a l t o be t r e a t e d 
here t o w r i t e a n a r r a t i v e o f t h e eve n t s s u r r o u n d i n g Gale's a t t e m p t s t o 
f l o a t a company t o make and s e l l h i s ' P r o t e c t e d Gunpowder !„ The 
n a r r a t i v e w i l l be p i e c e d t o g e t h e r f r o m a r a t h e r few - few b u t f o r the 
most p a r t v e r y l o n g - a r t i c l e s found i n contemporary p r o f e s s i o n a l 
j o u r n a l s . The o r i g i n a l a r t i c l e s were n o t themselves made up from whole 
c l o t h b u t r a t h e r were t a k e n f r o m newspaper accounts and p u b l i s h e d s c i e n t i f i c 
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papers. I t s h o u l d bR s a i d , however, t h a t where t h e r e i s c r o s s = 
c o r r o b o r a t i o n of s t a t e m e n t t h e r e has been d e t e c t e d no o u t s t a n d i n g 
c o n f l i c t , , 
The f i r s t p u b l i c announcement of Dames Gale's i n v e n t i o n tuas made 
i n t h e Plymouth newspaper, Western Morning News o f 2 1 s t June 1865„ 
Mr* Gale, d e s c r i b e d as 'an e l e c t r i c i a n ' was s a i d t o have d i s c o v e r e d a 
means by which gunpowder c o u l d be made n o n - e x p l o s i v e ' i n f i v e m i n u t e s , 
and r e s t o r e d q u i c k l y t o i t s o r i g i n a l c o n d i t i o n ' , , 
A p a t e n t ( ' p e t i t i o n r e c o r d e d ' o n l y ) was t a k e n o u t on t h e 22nd 
Dune 1865 i n t h e name of Dames Gale,Dun,, of Devonshire T e r r a c e , Plymouth; 
B r i t i s h p a t e n t number 1679<, The t i t l e o f the p a t e n t was u n r e v e a l i n g ; 
"Improvements i n Tr e a j t i n q _ Gunpowder" „ 
The p r o p r i e t o r of t h e Western Morning News_, Mr, Sanders, l o o k s = 
fr o m t h e v e r y o u t s e t of t h e e n t e r p r i s e = t o have been a p r i n c i p a l 
p r o m o t e r , an i m p r e s s a r i o a l m o s t , o f Gale's i n v e n t i o n , , 
On t h e 27 t h Dune 1865, almo s t c e r t a i n l y t h r o u g h t h e o f f i c e s of 
Plr. Sanders, a s e r i e s o f e x p e r i m e n t s was c a r r i e d o u t a t 'the Government 
House', Mount Wise, Plymouth, b e f o r e a p a r t y which i n c l u d e d V i s c o u n t 
Templetown 9 CoEU, Major General commanding the Western D i s t r i c t . , 
The e x p e r i m e n t s c o n s i s t e d m a i n l y i n a p p l y i n g b u r n i n g slow matches 
and r e d h o t i r o n s t o v e s s e l s f i l l e d w i t h gunpowder which had been admixed 
w i t h p r o g r e s s i v e l y i n c r e a s i n g p r o p o r t i o n s o f 'Gale's n o n - c o m b u s t i b l e 
powder'5 'the c o m p o s i t i o n of which i s pr e s e r v e d as a secret',, 
The p r o p o r t i o n s of s u p r e s s a n t t o gunpowder used were r e s p e c t i v e l y 
l s l , l s 2 , l s 3 , 1;4 0 I n g e n e r a l , i t was found t h a t o n l y those g r a i n s o f 
gunpowder which came i n t o d i r e c t c o n t a c t w i t h t h e slow match or the hot 
i r o n were i g n i t e d 0 The l o s s of powder was n e g l i g i b l e , , 
Gale p o i n t e d o u t t o t h e s p e c t a t o r s t h a t gunpowder t r e a t e d w i t h h i s 
non=combusing powder c o u l d be moved and s t o o d anywhere a t a l l , and t h a t 
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c o n s e q u e n t l y t h e r e would be no need t o b u i l d e x pensive magazines f o r 
s a f e storage,, 
A r e p o r t o f the Mount Wise e x p e r i m e n t s was p u b l i s h e d i n the 
Magazine E n g i n e e r i n g on 3 0 t h Dune 1865„ T h i s was o n l y t h r e e days a f t e r 
t h e a r t i c l e i n the Western Morning Mews0 T h i s was a remarkable speed 
of d i s s e m i n a t i o n f o r the times,, I t c o u l d of course be t h a t the 
e x p e r i m e n t s were covered by a r e p o r t e r from E n g i n e e r i n g because t h i s had 
been p r e - a r r a n g e d by t h e newspaper owner, Sanders- N e v e r t h e l e s s , 
E n g i n e e r i n g expressed some hard-headed r e s e r v a t i o n s ; 
"The p r i n c i p l e i n v o l v e d i s v e r y s i m p l e , whether i t i s 
r e a l l y v a l u a b l e remains t o be seen"; and "„„„ f o r a l l we can 
see, bone d u s t would answer t h e purpose e q u a l l y w e l l 0 0 . " 
T h i s mention o f bone d u s t among the many i n e r t m a t e r i a l s which might 
have come t o mind c o u l d h a r d l y have been a chance s e l e c t i o n , as w i l l 
be s e e n 0 
Of e q u a l i m p o r t a n c e was t h e o b s e r v a t i o n t h a t t h e r e had been 
p r e s e n t a t Mount Wise some 'naval gentlemen' who had p o i n t e d o u t t h a t 
gunpowder t r e a t e d by Gale's method would be two or more t i m e s h e a v i e r 
t h a n u n t r e a t e d powdec The i m p l i c a t i o n s of t h i s f a c t would be i m m e d i a t e l y 
a p p a r e n t t o men concerned w i t h t h e stowage and h a n d l i n g of qunpowder a t 
sea. The Royal Navy was, t h e r e a f t e r , n o t seen as a p o t e n t i a l u ser. 
I t i s a f t e r the Plymouth p r o m o t i o n t h a t the name of Rr. Rendle 
appearso I t i s hard t o d e t e r m i n e w i t h any sureness whether Rendle was 
h i m s e l f a company pr o m o t e r , or whether he was merely an i n v e s t o r l o o k i n g 
f o r a p r o f i t a b l e venture,, £robajjly he wqs a major s h a r e h o l d e r who 
q u i c k l y became d i s e n c h a n t e d w i t h t h e scheme and who c o n s e q u e n t l y became 
the l e a d e r of the d i s a f f e c t e d s h a r e h o l d e r s who e v e n t u a l l y were t o f o r c e 
t h e d i r e c t o r s i n t o w i n d i n g up t h e company,, However, i n the b e g i n n i n g 
a t l e a s t , Rendle was e n t h u s i a s t i c 
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The account of t h e d e m o n s t r a t i o n a t Mount Wise moved rir„ Rendle 
t o w r i t e t o James G a l e 0 The l e t t e r was answered by Sanders,, Mr<> Rendle 
went t o Plymouth himself,, 
The p r o s p e c t u s was glowing,, Sanders p r e d i c t e d t h a t the i n v e n t i o n 
"would b r i n g i n £150,000',, 
From Rendle's l a t e r a ccount of t h i s i n t e r v i e w we may g l e a n an 
i n s i g h t i n t o t h e p e r s o n a l i t y of Dames Gale. 
" f i r . Gale s a i d i t was w o r t h £1,000,000, and he would n o t 
t a k e t h a t u n l e s s t h e Queen would k n i g h t him<,<,«" 
T h i s r e p o r t may of course r e p r e s e n t the s p l e e n v e n t i n g of an angry 
l o s e r 0 Gale may have been i n a j o c u l a r mood a t the t i m e . But e q u a l l y 
i t m i g h t i n d i c a t e a c e r t a i n f ^ m boyance of p e r s o n a l i t y of t h e V i c t o r i a n 
t y p e e x e m p l i f i e d by P0T<, Barnum and George Sanger. 
Some agreement must have been reached a t Plymouth, f o r Rendle was 
impressed enough, and a p p a r e n t l y s u f f f i c i e n t l y w e l l c o n n e c t e d , t o 
i n t r o d u c e t h e i n v e n t i o n t o some h i g h l y p l a c e d p e o p l e ; t h e l o r d s Soho 
and Bury, t h e Honourable A r t h u r K i n n a i r d 0 
F u r t h e r d e m o n s t r a t i o n s were g i v e n 0 One was a t Wimbledon., At 
a n o t h e r = n o t l o c a t e d - a d e m o n s t r a t i o n of t h e p r o t e c t e d gunpowder's 
s t a b i l i t y was g i v e n b e f o r e H<,RoH„ the Duke of Cambridge,, The Duke o f 
Cambridge was Commander=in=Chief o f the B r i t i s h Army 0 There c o u l d 
h a r d l y have been more s i g n i f i c a n t n o t ice,, 
A d e m o n s t r a t i o n g i v e n a t Westminster on t h e 2nd August 1865 was 
r e p o r t e d i n the J J . 3 ^ j t r a t e d London News of t h e 12th August,, Perhaps 
because i t had been seen by the Duke of Cambridge, a Gale d e m o n s t r a t i o n 
was now c o n s i d e r e d i m p o r t a n t enough t o w a r r a n t a s t e e l engraved i l l u s -
t r a t i o n ; 'our i l l u s t r a t i o n g i v e s a f a i r n o t i o n of the scene',, 
The forjm of a d e m o n s t r a t i o n o f t h e p r o t e c t e d gunpowder l o o k s t o 
have t a k e n on a s e t pattern„ T h i s was no 'r a r e e show' however,, The 
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s p e c t a t o r s were i n v a r i a b l y 'gentlemen of s c i e n t i f i c and p r a c t i c a l 
r e p u t a t i o n ' „ The Westminster d e m o n s t r a t i o n a t t r a c t e d two k n i g h t s 
and an admiral,, The m a t e r i a l s needed were s i m p l e enough; 
"A s t r o n g f i r e c o n t a i n e d i n a temporary s t o v e of p i l e d 
up b r i c k s , and a l a r g e wooden t a b l e t o s u p p o r t t h e m a t e r i a l s 
t o be e x p e r i m e n t e d w i t h , formed t h e o n l y a p p l i a n c e s r e q u i s i t e , 
e x c e p t f o r some slow matches, f u s e s , and a red h o t poker,„„" 
U n l i k e e a r l i e r d e m o n s t r a t i o n s , h o w e v e r , the s p e c t a t o r s a t 
Westminster were a l l o w e d t o know of j u s t what e x a c t l y t h e s e c r e t 
s u p r e s s a n t medium c o n s i s t e d ; 
" f i r , Gale, i n the f i r s t i n s t a n c e , e x h i b i t e d h i s own 
powder, which on for m e r o c c a s i o n s was spoken of i n g e n e r a l 
terms as the p r o t e c t i v e m i x t u r e , b u t , h a v i n g been p a t e n t e d , 
i s now d e c l a r e d t o bo s i m p l y g l a s s ground as f i n e as p o s s i b l e , " 
W i t h t h e t r u e - and n o t v e r y e x o t i c = n a t u r e of the p r o t e c t i n g 
medium now common knowledge, and t h e r e a l i s a t i o n , no d o u b t , t h a t t h e 
o r i g i n a l p a t e n t was e a s i l y c i r c u m v e n t e d , i t was c o n s i d e r e d p r u d e n t t o 
t a k e o u t a second p a t e n t . I t was on the second p a t e n t t h a t t h e 
P r o t e c t e d Gunpowder Company was formed,, The p a t e n t , a g a i n i n the name 
of Gale, was t a k e n o u t on the 2 5 t h August 1865 0 
The s p e c i f i c a t i o n o f B r i t i s h p a t e n t No o2057 was t o prove t o be 
an u n f o r t u n a t e one f o r the e n t e r p r i s e . I n w i d e n i n g the s p e c i f i c a t i o n 
t o t a k e i n as many as p o s s i b l e of t h e r e a d i l y a v a i l a b l e i n e r t m a t e r i a l s , 
a t t e n t i o n must s u r e l y have been drawn t o j u s t how many of these m a t e r i a l s 
would s e r v e as w e l l as g l a s s powder. The s p e c i f i c a t i o n heading reads 
"Improvements i n t h e p r e p a r i n g and t r e a t i n g o f gunpowder 
i n o r d e r t o r e n d e r the same u n e x p l o s i v e , and t o p r o t e c t i t f r o m 
the damp," 
I f the l a s t c l a u s e i n t h e s p e c i f i c a t i o n was an a f t e r t h r o u g h , i t 
was i l l - c o n s i d e r e d = as w i l l p r e s e n t l y be shown. But more s e r i o u s 
was t h e mention of bone^products i n ttie body o f the s p e c i f i c a t i o n s 
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" V a r i o u s d r y m a t e r i a l s i n a s t a t e of very f i n e powder 
may t h u s be used, b u t i t i s proposed t o employ i v o r y or bone black 0° 
I t was l a t e r r e v e a l e d , by nr» Rendle a t the f i n a l meeting o f t h e 
s h a r e h o l d e r s , t h a t the d i r e c t o r s had proceeded w i t h the f l o a t i n g of t h e 
company even though they had c o u n s e l ' s o p i n i o n t h a t 'the second 
s p e c i f i c a t i o n was a l r e a d y thrown on one s i d e ' , and t h a t , 'the p a t e n t 
now hung on the s l e n d e r t h r e a d of i v o r y or bone-black,' 
I t d i d n o t escape a l l of the i n v e s t o r s t h a t i v o r y b l a c k , or 
i n d e e d the cheaper bone=black, would have been d i f f i c u l t t o come by i n 
t h e q u a n t i t i e s needed,, Nor indeed was powdered g l a s s e i t h e r so r e a d i l y 
a v a i l a b l e or so cheap as had been p r e d i c t e d , , I t may have been t h i s 
knowledge t h a t gave the i n v e s t o r s t h e i r f i r s t s e r i o u s pause,, 
O r i g i n a l l y i t had been proposed - or r a t h e r c l a i m e d - t h a t i t would 
be p o s s i b l e t o b u y - i n the g l a s s powder f o r t e n s h i l l i n g s per t o n (l„016 
t o n n e ) and t o s e l l i t a t t h i r t y s h i l l i n g s per ton„ I t i s here t h a t the 
s o l i d g o l d i n g o t q u a l i t y o f the t a l e f o r c e s i t s e l f upon t h e a t t e n t i o n , , 
The e n v i s a g e d annual s a l e was t w e n t y thousand tons ( l 9 o 6 8 5 tonnes),, 
This would r e p r e s e n t a p r o f i t of £20,000,, Not a l l of t h e s h a r e h o l d e r s 
a c c e p t e d t h e v a u l t i n g p r e d i c t i o n s o f p r o f i t s w i t h o u t f i r s t t a k i n g advice,, 
A S i r Dohn Hay, PloPo, u n d e r t o o k some p r i v a t e e n q u i r i e s , , Among 
o t h e r s he approached t h e f i r m of Messrs,, Easton and Amos, who d i r e c t e d 
him t o 'a l a r g e m a n u f a c t u r e r o f g l a s s f l o u r ' o A more r e a l i s t i c p r i c e 
f o r g l a s s powder was found t o be f i v e pounds per ton,, Such a p r i c e f o r 
t h e main m a t e r i a l would n a t u r a l l y reduce t h e margin of p r o f i t , and 
perhaps even t h e v i a b i l i t y of the whole venture,, 
When S i r John Hay w r o t e t o Gale and Sanders t o a c q u a i n t them w i t h 
t h i s s e r i o u s d i s p a r i t y between p r o s p e c t u s and r e a l i t y he r e c e i v e d no 
r e p l y 0 He r e p o r t e d t h e m a t t e r t o t h e Stock Exchange Committee,, On 
t h e s t r e n g t h of S i r Oohn Hay's i n f o r m a t i o n the Stock Exchange Committee 
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agreed t o d e l a y s e t t l i n g day on t h e company's s t o c k f o r two weekso 
T h i s l a s t p i e c e o f i n f o r m a t i o n a l l o w s us t o make an assumption about 
the company's f i n a n c i a l state,, I n p a r t or whole t h e company's c a p i t a l , 
a t l e a s t up t o t h e end of 1865, was s u b s c r i b e d - i t had not a c t u a l l y 
been p a i d by the s h a r e h o l d e r s . 
How Plessrs. Gale, Sanders, e t a l , overcame t h e i r l i q u i d i t y problem 
cannot here be stated,, I t can o n l y be assumed t h a t some way was f o u n d , 
f o r the company was s t i l l making a m b i t i o u s p l a n s f o r the e r e c t i o n of 
f a c t o r y and p l a n t i n t h e A p r i l of 1866 0 I n t h e meanwhile, however, 
adverse p u b l i c i t y was t o come f r o m a n o t h e r s o u r c e . 
The f i r s t o f t h e two most d e t e r m i n e d d e t r a c t o r s of t h e P r o t e c t e d 
Gunpowder Company's p r o s p e c t u s was L i e u t e n a n t C o l o n e l DoS.G. Ryley„ 
I t t a k e s o n l y a modest i n s i g h t i n t o human n a t u r e t o conclude t h a t 
the m o t i v a t i o n f o r Ryley p u b l i s h i n g t h e b i t t e r a t t a c k s he d i d was r o o t e d 
i n a f e e l i n g of c h a g r i n t h a t he had f a i l e d t o make a n y t h i n g o f an i n v e n t i o n 
which s h o r t l y a f t e r w a r d s , i f o n l y f o r a l i t t l e w h i l e , l o o k e d as though i t 
might make i t s c i v i l i a n p r omoters r i c h o 
Ryley°s a t t a c k was n o t upon the i n v e n t i o n i t s e l f ? r a t h e r i t was 
upon t h e m i l i t a r y e s t a b l i s h m e n t and the d i r e c t o r o f t h e P r o t e c t e d Gun= 
powder Company,, He was a d i s a p p o i n t e d man 0 
"Fly g r e a t d e s i r e was t o g i v e t h e Government the f u l l 
advantage of my i n v e n t i o n w i t h o u t the r e s t r i c t i o n of a patentee»" 
I t can be su g g e s t e d , w i t h o u t m a l i c e towards the shade of C o l o n e l 
Ryley , t h a t he hoped f o r some p r e f e r m e n t or a p r o m o t i o n t o come of h i s 
i n v e n t i o n , r a t h e r t h a n f o r commercial success,, 
The r e t i r e d s o l d i e r was w e l l a b l e t o p u b l i c i s e h i s cause and h i s 
grievance,, A paper which he read b e f o r e the Royal 5 c o t t i s h _ S o c j j j t _ y _ o f . 
A r t s was c o n s i d e r e d i n t e r e s t i n g enough, or s e n s a t i o n a l enough, t o be 
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p r i n t e d i n i t s e n t i r e t y i n t h e P r a c t i c a l Mechanics' J o u r n a l o f the 
1 s t January 1866 (page 3 1 6 ) , 
I n i t s e s s e n t i a l s , and w i t h much of t h e r e f e r e n c e t o p h i l a n t h r o p y 
and p a t r i o t i s m e x c i s e d , Ryley's paper makes t h e c l a i m t h a t he h i m s e l f 
d e v i s e d a process which was v i r t u a l l y i d e n t i c a l t o t h a t p a t e n t e d by 
Gale, ' b e f o r e I l e f t I n d i a i n 1855' 0 His c l a i m would appear t o have 
been j u s t i f i e d . He s t a t e s h i s p r i n c i p l e ; 
"The p r i n c i p l e o f my i n v e n t i o n — the whole m e r i t of 
which i s comprised i n f i l l i n g t h e i n t e r s t i c e s o f the gunpowders, 
and t h u s t h o r o u g h l y i s o l a t i n g t h e g r a i n s w i t h a non=combustible 
medium," 
The o n l y s i g n i f i c a n t d i f f e r e n c e between t h e two processes was 
t h a t the m a t e r i a l adopted by Ryley was, i n t h e f i r s t i n s t a n c e , bnne 
meal, and l a t e r b o n e — f l o u r ? t h e n , 'the presence of g e l a t i n e being 
o b j e c t e d t o ' , he s e t t l e d on bone ash. Thus Ryley a n t i c i p a t e d Gale 
n o t o n l y i n t h e p r i n c i p l e i n v o l v e d b u t i n t h e m a t e r i a l chosen, a t l e a s t 
so f a r as t h e p a t e n t s p e c i f i c a t i o n was framed. And Gale d i d h o l d a 
p a t e n t f o r h i s d i s c a v e r y 0 
Ryley's own a t t e m p t s t o canvas h i s d i s c o v e r y c o n t r a s t s h a r p l y 
w i t h Sanders' p r o m o t i o n of Gale's, Though R y l e y , i n hiw own more 
modest way, l o o k s t o have been busy enouyh; 
" I communicated my d i s c o v e r y t o many of my f r i e n d s upward 
of a year ago ( l a t e 1864) „,» Dr, CW, Eddy ,,„ Dr. Stevenson 
Macadam, Edi n b u r g h ,„, I r e q u e s t e d my f r i e n d , Dr. Eddy, t o 
communicate t h e p a r t i c u l a r s of my i n v e n t i o n t o the a u t h o r i t i e s 
a t Woolwich„o" 
The need f o r an o f f i c e r of Ryley's rank t o have c i v i l i a n i n t e r -
m e d i a r i e s a c t f o r him i n h i s approaches t o a department of t h e War 
O f f i c e can o n l y be guessed a t 0 A b e s t guess i s t h a t s i n c e Ryley was 
s e r v i n g i n I n d i a b e f o r e 1856 he may have been an o f f i c e r of t h e Honoura 
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East I n d i a Company's f o r c e s , and as such he would n o t have e n j o y e d the 
same s t a t u s as a s e r v i n g B r i t i s h O f f i c e r nf the same r a n k 0 
Ryley d i d n o t l e a v e e v e r y t h i n g t o h i s c i v i l i a n f r i e n d s ? 
" I n o r d e r s t i l l f u r t h e r t o ensure t h a t s u f f i c i e n t a t t e n t i o n 
be p a i d t o my i n v e n t i o n I f o r w a r d e d a l e t t e r on 1 6 t h December 1864 
t o C a p t a i n t h e Hon. G» W r o t t e r s l y , S e c r e t a r y , Magazine Committee,, <, „ 
The o b j e c t of t h e a p p a r e n t l y B y z a n t i n e , b u t perhaps a t t h a t t i m e 
n e c e s s a r y , m a c h i n a t i o n s c a r r i e d o u t by Ryley was t o g a i n the f a v o u r a b l e 
a t t e n t i o n o f , f i r s t , General L e f r o y , P r e s i d e n t of t h e Ordnance S e l e c t 
Committee, and, s e c o n d l y , of General S i r John Burgoyne, P r e s i d e n t of 
th e Magazine Committee,, C l e a r l y t h e Magazine Committee would have been 
the l a r g e s t of users had th e process been adopted,, 
The m i d d l e p a r t of Ryley's paper concerns h i s e x p e r i m e n t s w i t h bone 
ash admired w i t h gunpowder,, Since h i s methods and h i s f i n d i n g s agree t o 
a l a r g e e x t e n t w i t h those of Gale, t r e a t m e n t of t h i s m a t e r i a l w i l l be 
o m i t t e d . 
C o l o n e l Ryley's i n v e n t i o n was r e j e c t e d , , I n a communication of 
the 1 6 t h January 1865, General S t c George, D i r e c t o r of Ordnance, i n f o r m e d 
L i e u t e n a n t C o l o n e l Ryley t h a t h i s method 'had been d u l y c o n s i d e r e d b u t 
t h a t i t was n o t fo u n d t o possess s u f f i c i e n t advantage t o w a r r a n t i t s 
adoption,, ' The d e c i s i o n had been s w i f t ; a l i t t l e over n i n e weeks f r o m 
s u b m i s s i o n t o r e j e c t i o n s 
I t may be t h a t Ryley's approach had been c o n s i d e r e d importunate,, 
But he had good reason t o be b i t t e r and angry when he l e a r n e d o f the con-
s i d e r a t i o n g i v e n t o Gale's p r o c e s s ! 
" I was thus l e d t o b e l i e v e t h a t the a u t h o r i t i e s a t t h e War 
O f f i c e d i d n o t l o o k w i t h f a v o u r on t h i s or any s i m i l a r p l a n „„„ I 
was s c a r c e l y p r e p a r e d t o f i n d t h a t e i g h t months s u b s e q u e n t l y , when 
a s i m i l a r process was=submitted by Mr. Gale „„„ i t was c o n s i d e r e d 
n o v e l and e f f i c a c i o u s a „ 0 a d m i r a t i o n o f t h e S e c r e t a r y of S t a t e f o r 
War ooo who w i t n e s s e d i t a t Wimbledon „„o the l e a d i n g j o u r n a l s „ „ o 
n o t i c e d t h e e x h i b i t i o n „ „,, an i n v e n t i o n o f the h i g h e s t i m p o r t a n c e 
0 o o w i t n e s s e d and p r a i s e d by R o y a l t y 0 " (Presumably, H 0R 0H, the 
Duke of Cambridge),, 
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The t i r a d e t a k e s up f u l l y f o u r t e e n l i n e s of wide column p r i n t i n g 
i n t h e j o u r n a l ; c l o s e t o two hundred words are devoted t o a c c u s a t i o n s 
o f E n g l i s h o f f i c i a l p e r f i d y 0 The E d i n b u r g h a u d i e n c e , s i t t i n g t h a t 
November n i g h t i n t h e George S t r e e t H a l l o f the Royal S c o t t i s h S o c i e t y 
of A r t s ( i t was o n l y t h e second meeting of t h a t s o c i e t y ) , may w e l l have 
t h o u g h t i t was g e t t i n g i t s s u b s c r i p t i o n ' s worth,, 
Ryley wrote a g a i n t o t h e War O f f i c e on the 7 t h October 1865„ But 
the answer t o what Ryley had c a l l e d h i s 'reasonable r e q u e s t ' gave him 
l i t t l e comfort,, 
" I w r o t e a g a i n <,.. c l a i m i n g p r i o r i t y ; but was s u r p r i s e d 
t o f i n d t h a t i n s t e a d of the S e c r e t a r y of S t a t e f o r War c o m p l y i n g 
w i t h o o o , t h a t he a l t o g e t h e r evaded i t by d i r e c t i n g me t o be 
i n f o r m e d i n r e p l y t h a t , ' n e i t h e r the p l a n proposed by me nor t h a t 
b r o u g h t f o r w a r d by Mr. Gale „.« possessed any n o v e l t y , e x p e r i m e n t s 
h a v i n g been made f o r t e s t i n g t h e v a l u e of s i m i l a r p r o p o s a l s i n the 
year 1B48' 0" 
To be f a i r on t h e a u t h o r i t i e s i t s h o u l d be s a i d t h a t the S e c r e t a r y 
of S t a t e f o r War w rote a g a i n t o Ryley d u r i n g December of 1865 ( t h a t i s t o 
say between the d a t e o f t h e Edinburgh paper and i t s p u b l i c a t i o n i n 
Mechanic's J o u r n a l ) , , T h i s t i m e , f o r whatever r e a s o n , i t was a l l o w e d 
Ryley had p r i o r i t y s 
" I am d i r e c t e d by the S e c r e t a r y of S t a t e f o r War t o a c q u a i n t 
you t h a t you are c o r r e c t i n supposing t h a t you were some months i n 
a n t i c i p a t i o n o f Mr. Gale i n s u b m i t t i n g p r o p o s a l s f o r r e n d e r i n g 
gunpowder n o n - e x p l o s i v e , i n t h i s d e p a r t m e n t . " 
I t may be t h a t t h i s was a l l t h a t Ryley wanted,, But i t i s p r o b a b l e 
t h a t h i s i m p o r t u n i n g may have i r r i t a t e d t h e M i l i t a r y E s t a b l i s h m e n t i n t o 
some s e r i o u s c o n s i d e r a t i o n o f what i t was, a f t e r a l l , t h a t was being 
o f f e r e d by t h e P r o t e c t e d Gunpowder Company 0 As i t was, the Edinburgh 
paper was t o be o f t e n quoted when concern about the commercial v i a b i l i t y 
o f Gale's process grew,, N o t h i n g more i s heard of 3 „ S o G 0 R y l e y a f t e r 
January 1866 c 
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Meanwhile the P r o t e c t e d Gunpowder Company's d i r e c t o r s must have 
overcome t h e i r cash problem,, The magazine. E n g i n e e r i n g , f o r the 1 3 t h 
A p r i l 1866 r e c o r d s ; 
"Gale's P r o t e c t e d Gunpowder — E x t e n s i v e works a r e t o be 
e s t a b l i s h e d a t Woolwich f o r the p r e p a r a t i o n of g l a s s d u s t , t o be 
mixed w i t h gunpowder a c c o r d i n g t o Hr. Gale's mode of p r o t e c t i o n , , 
These works w i l l be planned by Mr, C,W, Siemans 0 Sand w i l l be 
b r o u g h t i n f r o m t h e neighbourhood of Woolwich, i t w i l l be f u s e d 
i n a r e g e n e r a t i v e f u r n a c e and the crude g l a s s r u n i n t o water,, 
The g l a s s w i l l t h e n be p u l v e r i s e d i n r e v o l v i n g h o r i z o n t a l 
c y l i n d e r s , w i t h i n each a f e u cannon b a l l s w i l l be p l a c e d , and l e f t 
t o r o l l abouts, the g r i s t , i f we may so term i t , w i l l be a s s o r t e d 
i n t o d i f f e r e n t degrees of f i n e n e s s by b e i n g p l a c e d upon a 
h o r i z o n t a l d i s c i n r a p i d r e v o l u t i o n , the c e n t r i f u g a l f o r c e t h r o w i n g 
g l a s s p a r t i c l e s a c c o r d i n g t o t h e i r s i z e , i n t o a s e r i e s o f con-
c e n t r i c r e c e p t a c l e s s u r r o u n d i n g t h e d i s c and p l a c e d s l i g h t l y below it„" 
Whether i t was a l s o i n t e n d e d t h a t t h i s same machine might a l s o be 
used t o s e p a r a t e gunpowder f r o m glass—powder i s u n c e r t a i n , , The i n t r o -
d u c t i o n t o the a r t i c l e quoted above suggest t h a t t h i s may have been con-
s i d e r e d ; 
"Mr, Gale's mode ,, , m i x i n g t h r e e or f o u r t i m e s i t s w e i g h t 
of g l a s s powder the d i f f e r e n c e i n s p e c i f i c g r a v i t y 0 „ . 
r e a d i l y s e p a r a t e s , 0 o " 
One of the p r i n c i p a l o b j e c t i o n s t o the use of t h e process was, as 
w i l l be shown, the d i f f i c u l t y i n s e p a r a t i n g the two powders e i t h e r 
q u i c k l y or c o m p l e t e l y 0 Most accounts r e f e r t o the slowness and i n -
completeness enc o u n t e r e d i n s i e v i n g t h e powder f r e e 0 
Gale's gunpowder, i n s p i t e o f the hard adverse p u b l i c i t y the 
p r o j e c t was b e g i n n i n g t o a t t r a c t was s t i l l a b l e t o p u t on a l a r g e 
p r o m o t i o n a l e x h i b i t i o n . The most gra n d , i n s c a l e a t l e a s t , was the s e r i e s 
of e x p e r i m e n t s which took p l a c e on 2 0 t h Dune 1866, The event was 
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r e p o r t e d i n The I l l u s t r a t e d London News o f 30th Dune 1866» 
I t i s p a r t i c u l a r l y w orthy of note t h a t t he e x p e r i m e n t took p l a c e 
'by d i r e c t i o n of the Ordnance S e l e c t Committee'? and, 'Nearly a l l 
members o f t h e u r d n a n c e S e l e c t Committee were p r e s e n t .„.' The 
c o s t s , t h e b a r r e l s o f gunpowder and the damage t o an o b s o l e t e Government 
b u i l d i n g , c o u l d h a r d l y have been g r e a t 0 N e v e r t h e l e s s , t h e y were more 
th a n n o t i o n a l and i n d i c a t e a degree of War O f f i c e i n t e r e s t . 
No a37 M a r t e l l o Tower, near H a s t i n g s , was the chosen s i t e . F i v e 
t o n s (4.9 t o n n e s ) o f gunpowder = i n the ' p r o t e c t e d ' s t a t e = was stowed 
i n t he t o w e r ; one hundred b a r r e l s i n the ground f l o o r magazine, two 
hundred and f i f t y b a r r e l s on t h e t i m b e r f l o o r above 0 The tonnage i n 
pounds, d i v i d e d by the number o f b a r r e l s , i n d i c a t e s t h a t each b a r r e l of 
p r o t e c t e d powder c o n t a i n e d o n l y t h i r t y two pounds (14.5 k g ) . T h i s , i t 
i s s u g g e s t e d , r e p r e s e n t s something of a hedged b e t on t h e p a r t o f G a l e 0 
By u s i n g powder c o n t a i n e d i n the s m a l l e r b a r r e l s a very g r e a t d e a l of 
good oak b a r r e l s t a v i n g was be i n g i n t e r p o s e d between the s e p a r a t e charges 
of powder. 
The a t t e m p t e d i n i t i a t i o n of the gunpowder was done, by b a t t e r y and 
t h r e e s e p a r a t e f u s e s , from F l a r t e l l o Tower No.38, which s t o o d some 800 
yar d s (700 m) d i s t a n t . 
When each of the f u s e s i n t u r n had been f i r e d , and no e f f e c t , save 
the smoke fr o m the s m a l l q u a n t i t y of 'neat' gunpowder which had been l e f t 
p i l e d a t the end of each of the fu s e s was seen, 'General L e f r o y and t h r e e 
o t h e r gentlemen e n t e r e d the t o w e r ' 0 The o n l y change observed was t h a t the 
heads o f t h e b a r r e l s t a k i n g the ends of the fu s e s had been blown o f f , and 
•a s m a l l p o r t i o n of the c o n t e n t s had been s c a t t e r e d over the s u r r o u n d i n g 
b a r r e l s ' * . The M a r t e l l o tower w i t h i t s b a r r e l s of gunpowder s t i l l i n t a c t 
i n s i d e was t h e n c o m p r e h e n s i v e l y s e t a f i r e . 'Nothing a p p r o a c h i n g an 
e x p l o s i o n o c c u r r e d . ' Confidence among the s p e c t a t o r s i n c r e a s e d so much 
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t h a t ' thevj c o n t i n u a l l y l o o k e d i n t o t he b u i l d i n g , and they a c t u a l l y went 
i n t o t he b u i l d i n g t o see how i t was b u r n i n g . ' 
I m p r e s s i v e though the H a s t i n g s d e m o n s t r a t i o n may have been, i t 
d i d n o t , so f a r as can be d i s c o v e r e d , move t h e Ordnance Committee t o 
p l a c e an o r d e r f o r p r o t e c t e d gunpowder,, A f t e r A p r i l of 1866 commercial 
c o n f i d e n c e i n t h e v e n t u r e had l a r g e l y e v a p o r a t e d . Had any a t a l l 
remained, had, say, the Ordnance Committee g i v e n some c o n c r e t e s u p p o r t 
t o t h e company i n t h e fo r m o f an o r d e r f o r powder, i t might have been 
enough t o s u s t a i n c o n f i d e n c e a l i t t l e l o n g e r . As i t was, t h e a t t a c k s 
were t o come hard upon one a n o t h e r d u r i n g the r e s t o f the summer of 1866. 
L i k e many p r o p h e t s . Dames Gale was t o be accorded s c a n t honour i n 
h i s own l a n d . The most damaging of a l l the a t t a c k s upon the r e p u t a t i o n 
o f t h e ' p r o t e c t e d ' gunpowder came f r o m a n o t h e r Plymouth man, Mr. Dohnathan 
Hearder. I t may be e n t i r e l y c o i n c i d e n t a l t h a t Hearder was a l s o des-
c r i b e d as 'an e l e c t r i c i a n ' , and a d d i t i o n a l l y as a ' c o n s u l t i n g chemist',, 
The c u t t i n g edge o f Hearder's c r i t i c i s m o f Gale's process was t h a t 
Hearder's f i n d i n g s were s o u n d l y based upon s y s t e m a t i c experiment,, 
The War O f f i c e may by t h i s t i m e have t u r n e d i t s f a c e away from t h e 
P r o t e c t e d Gunpowder Company's a c t i v i t i e s , , At the l e a s t i t l o o k s t o have 
been i m p a r t i a l . Hearder acknowledges w i t h thanks t h e a s s i s t a n c e of the 
'Ca p t a i n S u p e r i n t e n d e n t ' of t h e Royal L a b o r a t o r y a t B u l l p o i n t , D e v o n p o r t s 
f o r t h e l o a n of a p r o o f - m o r t a r and t h e s e r v i c e s of t h e ' p r o o f i n g = s e r g e a n t ' 0 
Hoarder's f i n d i n g s were p u b l i s h e d f i r s t of a l l i n The M i n i n g 
j o u r n a l . ( i t has n o t been p o s s i b l e t o g e t access t o t h e volume of 
t h i s work f o r the year 1866: t h e m a t e r i a l which f o l l o w s i s ta k e n i n s t e a d : 
f r o m The Engineer f o r 1 3 t h Duly 1866, which r e p o r t e d Hearder's work i n 
some d e t a i l ) , , 
A f t e r d e a l i n g a t some l e n g t h w i t h t he by then known tendency f o r 
the g l a s s powder p a r t i c l e s t o a t t r a c t and condense m o i s t u r e , Hearder l a y s 
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o u t n i n e p o i n t s o f d i s a d v a n t a g e or d e l e t e r i o u s e f f e c t which he 
a t t r i b u t e s t o Gale's p r o c e s s . These p o i n t s t e n d t o be more t h a n a 
l i t t l e l a b o u r e d and some can w i t h o u t l o s s be grouped t o g e t h e r 0 
P o i n t ' 1 ' s t a n d s f a i r l y made on i t s own. Hearder a s s e r t s , 
and o f f e r s t o demonstrate by b l o w i n g up a M a r t e l l o tower w i t h 
' p r o t e c t e d gunpowder', t h a t Gale's gunpowder was as e x p l o s i v e as any 
o t h e r , when c o n f i n e d . I t i s assumed t h a t under c o n f i n e m e n t the hot 
gases g e n e r a t e d by t h e b u r n i n g of i n d i v i d u a l powder g r a i n s would 
f o r c e t h e i r way t h r o u g h the i n t e r s t i c e s between powder and g l a s s t o 
i g n i t e o t h e r s . 
P o i n t '2' a l s o stands on i t s own 0 The v i b r a t i o n which u s u a l l y 
a t t e n d e d t h e t r a n s p o r t of gunpowder by road was shown to shake the gun-
powder and the g l a s s i n t o s e p a r a t i o n . T h i s can be r e a d i l y a p p r e c i a t e d . 
One o f the g r e a t d i s a d v a n t a g e s of t h e s i m p l e gunpowder m i x t u r e which t h e 
i n t r o d u c t i o n of press—caked gunpowder i n t h e e a r l y 1700's had o b v i a t e d 
was the tendency f o r t h e i n g r e d i e n t s t o be shaken o u t i n t o s e p a r a t e 
l a y e r s i f the powder was t r a n s p o r t e d f o r any d i s t a n c e by c a r t . 
P o i n t s '3', M','5' and '6' are i n t e r - r e l a t e d i n t h a t they d e a l 
w i t h t h e a d d i t i o n a l f o u l i n g t o both s m a l l arms and ordnance b a r r e l s which 
came o f the use of powder which had p r e v i o u s l y been mixed w i t h g l a s s f l o u r 
w i t h t h e a b r a s i v e e f f e c t s o f the powder on the bores o f the guns, and t h e 
a b r a s i v e e f f e c t s of t h e g l a s s on the gunpowder g r a i n s t h e m s e l v e s , 
p a r t i c u l a r l y w i t h t h e l o s s o f p o l i s h and t h e g e n e r a t i o n of gunpowder d u s t . 
P o i n t s '7', '8' and '9' r e f e r t o the d i f f i c u l t i e s e x p e r i e n c e d i n 
s e p a r a t i n g powder f r o m g l a s s q u i c k l y enough, and c o m p l e t e l y enough, f o r 
s e r v i c e c o n d i t i o n s o 
Hearder's paper was read a t t h e meeting of t h e s h a r e h o l d e r s which 
was c a l l e d on Wednesday 1 1 t h Duly 1866 a t the G u i l d h a l l Tavern i n 
London. Nr. Rendle took t h e l e a d i n g p a r t i n a d d r e s s i n g t h e now 
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d i s a f f e c t e d s h a r e h o l d e r s 0 The main p a r t o f h i s speech i s embodied i n 
what has a l r e a d y been g i v e n of the h i s t o r y of the enterprise„ Beyond 
t h i s t he r e c r i m i n a t i o n s and a c c u s a t i o n s l i e a t t h e p e r s o n a l l e v e l . A 
l i t t l e of t h i s can be g i v e n f o r the sake of t h e atmosphere of the s e t t i n g 
i t a f f o r d s , , These are n i n e t e e n t h c e n t u r y s c i e n t i s t s and men of business 
away fr o m t h e i r l a b o r a t o r i e s and o f f i c e s . 
Some a t t e m p t was made by nr . Rendle t o make c a p i t a l out of the 
i n f o r m a t i o n t h a t a t l e a s t one r e p u t a b l e s c i e n t i s t , Mr. E t h e r i d g e of 
The Museum, 3ermyn S t r e e t , had d e c l i n e d the o f f e r o f £1,000 down and 
£250 t o £500 per year t o become the manager of t h e new company,, Rendle 
suggested t h a t Mr. E t h e r i d g e had been d e t e r r e d f r o m t a k i n g the appointment 
by the a d v i c e of h i s s u p e r i o r a t the museum, P r o f e s s o r Hunt, who had s a i d , 
i t was r e p o r t e d , t h a t t h e company might go on f o r a few months, but i t 
must c o l l a p s e . T h i s s u g g e s t i o n was c o n t r a d i c t e d f r o m t h e f l o o r by a 
Rr. R a n d a l l who s a i d t h a t what had made I t r . E t h e r i d g e d e c l i n e Mr. Sanders' 
o f f e r was n o t any u n c e r t a i n t y about the f u t u r e of the company, but r a t h e r 
h i s m a t u r i n g s e n i o r i t y a t t h e museum, and most p a r t i c u l a r l y h i s pension,, 
The G u i l d h a l l Tavern meeting r e v e a l e d t h a t t he Gunpowder Trade had 
been s c e p t i c a l about the p o t e n t i a l of t h e i n v e n t i o n from the very outset,, 
Mr. Sharp o f the E w e l l Powder Works, S u r r e y , s a i d t h a t he b e l i e v e d , as a 
gunpowder m a n u f a c t u r e r , t h a t t h e r e had been ' n o t h i n g i n t h e m a t t e r ' | he 
would c a l l i t 'simple bosh' 0 He b e l i e v e d t h a t was the o p i n i o n of the t r a d e . 
P r o f e s s o r Hunt ( E t h e r i d g e ' s s u p e r i o r a t The Museum) s a i d t h a t a l l 
the gunpowder m a n u f a c t u r e r s had laughed a t the i d e a from the f i r s t , and 
s a i d t h a t i t was of no p r a c t i c a l v a l u e , and t h a t t he e x p e r i m e n t took 
p l a c e merely because i t happened t o be br o u g h t b e f o r e the n o t i c e of t h e 
Duke of Cambridge, and s i n c e t h e ex p e r i m e n t was t r i e d t h e r e was n o t h i n g 
t o i t o o o he had t h a t f r o m 'one of t h e l a r g e s t m a n u f a c t u r e r s of gun= 
powder i n the c o u n t r y o . 0 ' 
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The p r o m o t e r s s Gale and Sanders are t h e o n l y two named, wore 
absent from t h e meeting,, y u t they seem t o have had some of t h e i r 
p a r t i s a n s i n t h e h a l l o From t h e f l o o r a P\r0 Hawkins s a i d t h a t he 'had 
n o t t h e s l i g h t e s t doubt t h a t Mr 0 Sanders would have a t t e n d e d the meeting 
i f he had r e c e i v e d a proper c i r c u l a r ' s He had known t h a t such a meeting 
was t o be h e l d , b u t r e c e i v e d no proper i n v i t a t i o n , , Rr. Rendle s a i d 
t h a t c i r c u l a r s had been s e n t t o Mr, Sanders and t o the D i r e c t o r s , , 
The s h a r e h o l d e r s ' meeting c l o s e d when Hr. Rendle proposed t h a t a 
r e p o r t o f t h e meeting s h o u l d be s e n t t o every s h a r e h o l d e r ^ a l s o t h a t a 
c i r c u l a r a s k i n g whether they were i n f a v o u r of w i n d i n g the company up be 
sento The r e s o l u t i o n was adopted and the p r o c e e d i n g s were terminated,, 
I f t h e P r o t e c t e d Gunpowder Company had been wound up a m i d s t a 
c e r t a i n b i t t e r n e s s of f e e l i n g on t h e p a r t o f t h e s h a r e h o l d e r s , Gale h i m s e l f 
was n o t e n t i r e l y d i s a b u s e d o f t h e n o t i o n t h a t he had i n v e n t e d something 
wort h w h i l e , , The p r i n c i p a l problem which had dogged t h e s u c c e s s f u l 
p r o m o t i o n o f the i d e a had been t h e d i f f i c u l t y e x p e r i e n c e d i n s e p a r a t i n g 
t h e gunpowder fr o m t h e g l a s s f l o u r , , But i t had been o n l y a mechanical 
problem,, The R i n i n q J o u r n a l f o r 22nd May 1868 c a r r i e s a s h o r t a r t i c l e 
a d v e r t i s i n g t h a t P r o Gale proposed t o use a machine r e c e n t l y p a t e n t e d by 
a Mr» C h i l d s which made i t p o s s i b l e f o r two men t o s e p a r a t e one hundred 
t o n s of gunpowder per day 0 From the b r i e f d e s c r i p t i o n g i v e n the 
machine would appear t o have been a k i n d of Archimedean screw enclosed 
w i t h i n a r e v o l v i n g c y l i n d e r of graded w i r e gauze 0 There was s t i l l a 
s t r o n g element o f showmanship i n the p r e s e n t a t i o n s 'The q u a n t i t y of 
powder s t o r e d a t P u r f l e e t a l o n e i s s u f f i c i e n t t o l a y a l l London i n r u i n s ' „ 
I t was s a i d a t the b e g i n n i n g o f t h i s s e c t i o n t h a t t h e r e was t o be a 
c oncern w i t h a few of the p e r s o n a l i t i e s a s s o c i a t e d w i t h the development 
of e x p l o s i v e s o I t has been p o s s i b l e t o show a little„ The men 
mentioned appear and reappear t h r o u g h o u t t h e r e s t o f the c e n t u r y ^ sometimes 
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i n m a t e r i a l which has t o do w i t h e x p l o s i v e s s sometimes i n m a t e r i a l f a r 
removed f r o m them 0 The c a u t i o u s S i r John Hay's name i s o f t e n 
mentioned i n m a t e r i a l d e a l i n g w i t h e x p l o s i v e s l e g i s l a t i o n , , The M r o 
Siemans who was t o d e s i g n t h e e x t e n s i v e works a t Woolwich was the C<,W<, 
Siemans of l a t e r e l e c t r i c a l fame 0 From t h e w r i t e r ' s p e r s o n a l e x p e r i e n c e 
i t can be s a i d t h a t the Siemans f i r m had a f a c t o r y i m m e d i a t e l y a d j a c e n t 
t o t h e o l d Woolwich A r s e n a l a t l e a s t as l a t e as t h e m i d ~ f i f t i e s of t h i s 
century,, I t may be t h a t t h e young e l e c t r i c i a n a c q u i r e d the s i t e of the 
proposed ' p r o t e c t e d ' gunpowder f a c t o r y * , The Rr. Bidder who was c h a l l e n g e d 
over h i s a b i l i t y t o s e p a r a t e gunpowder from g l a s s f l o u r w i t h any speed 
was proposed f o r membership o f the I n s t i t u t e of C i v i l E n gineers i n 1869 0 
A l a s t r e f e r e n c e t o Gale's gunpowder was found i n the J o u r n a l o f 
th e Royal U n i t e d S e r v i c e s , V o l X 9 p 0123; A paper e n t i t l e d "Gunpowder = 
Gale's Pla n f o r Rendering i t Mon°Explosive and Re-Explosive a t Pleasure., 




(1B66 ~ 187B) 
The I n v e n t i o n of Dynamite 
Nobel's d i s c o v e r y , l a t e i n 1866, o f the e x p l o s i v e which he was t o 
name 'Dynamite' came a t a t i m e when n i t r o g l y c e r i n e , t h e b a s i s of h i s 
e n t e r p r i s e , was b e i n g banned i n many c o u n t r i e s because of t h e s e r i o u s 
e x p l o s i o n s which had occurred,, 
The d i s c o v e r y i t s e l f c o u l d be s a i d t o have come about as a 
f o r t u i t o u s a c c i d e n t w i t h i n what had been a l o n g = though e n t i r e l y 
s y s t e m a t i c - s e a r c h . As e a r l y as 1B62, A l f r e d Nobel's f a t h e r , Immanuel 
Nobel, had i n s t i t u t e d a s e r i e s o f e x p e r i m e n t s aimed a t d i s c o v e r i n g a 
•si-medium f o r t h e s t a b i l i s a t i o n o f n i t r o g l y c e r i n e , , N o t a b l y , he had t r i e d 
t o absorb n i t r o g l y c e r i n e i n t o f i n e g r a i n e d b l a c k gunpowder,, T h i s was 
n o t s a t i s f a c t o r y because o n l y a s m a l l p r o p o r t i o n o f the l i q u i d e x p l o s i v e 
c o u l d be t a k e n up by t h e gunpowder,, Also the g r a i n s tended soon t o 
d i s s o l v e i n t o the n i t r o g l y c e r i n e , whereupon t h e power of the m i x t u r e was 
found t o be much reduced and i t became very d i f f i c u l t t o explode,, 
The problem was t o f i n d a substance which would take up a l a r g e 
p r o p o r t i o n of n i t r o g l y c e r i n e w i t h o u t t h i s l e a d i n g t o any s u b s t a n t i a l l o s s 
o f t h e g r e a t c o n c e n t r a t i o n of energy w i t h i n s m a l l b u l k which was t h e g r e a t 
advantage o f f e r e d by n i t r o g l y c e r i n e , , 
The a c c i d e n t which l e d t o t h e f i n d i n g of an e x t r e m e l y e f f i c i e n t 
medium f o r t h e a b s o r p t i o n of n i t r o g l y c e r i n e came about because Nobel had 
f o u n d the f i n a n c i a l b a c k i n g t o open a f a c t o r y a t Krummel (Dynamit A k t i e n = 
G e s e l l = s c h a f t ) a few m i l e s down the Elbe from Hamburg,, ( T h i s f a c t o r y had 
been l a r g e l y d e s t r o y e d by an a c c i d e n t a l e x p l o s i o n of n i t r o g l y c e r i n e d u r i n g 
A ^ i s J o j ^ ^ o f _ J ^ e ^ _ a x c l x _ i _ n the _Nobel_Pi»isi_qn_of I„C„ I o by F„D 0 M i l e s , 
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1866, w h i l e Nobel was v i s i t i n g America)„ At Krummel t h e p r a c t i c e of 
u s i n g a diatomaceous e a r t h , which was l o c a l l y i n p l e n t i f u l s u p p l y , t o 
pack round t h e t i n p l a t e c a n i s t e r s i n which the n i t r o g l y c e r i n e l e f t t he 
used •= sawdust, p e a t , c h a f f , f l o c k •= the diatomaceous e a r t h had the most 
s i n g u l a r p r o p e r t y o f being many t i m e s more ab s o r b e n t t h a n a n y t h i n g e l s e 
t r i e d , , I t would absorb about t h r e e t i m e s i t s own w e i g h t of n i t r o g l y c e r i n e , . 
From t h e p o i n t of view o f what might be c a l l e d t h e mechanics of 
d i s c o v e r y , t h e r e was a v e r y g r e a t element o f l u c k i n t h e a f f a i r . I t 
was because t h e f a c t o r y was i n N o r t h Germany where d e p o s i t s of d i a t o m i t e g 
k i e s e l g u h r , ' w h i t e p e a t ' had been i n use f o r some t i m e as an a d d i t i v e t o 
p o t t e r s ' c l a y s and as a f i n e a b r a s i v e t h a t i t was chosen as a c o n v e n i e n t 
p a c k i n g medium. C r e d i t f o r t h i s must s u r e l y go t o some un=named foreman 
or t o some e n t e r p r i s i n g c a r t e r , , 
A Note on K i e s e l q u h r 
g l y c e r i n e i n t o i t s k i e s e l g u h r p a c k i n g i s u n l i k e l y t o have much 
resembled dynamite,, As i t was dug fr o m the s i l t e d = u p beds of former 
l a k e s i n and around t h e Luneburg Heath, the crude k i e s e l g u h r was n o t 
of u n i f o r m c o n s t i t u t i o n ? i t was mixed w i t h g r e a t e r or l e s s e r 
p r o p o r t i o n s of i r o n s a l t s , l i m e , c l a y and o r g a n i c m a t e r i a l , . I n 
o r d e r t o p r o c u r e a u n i f o r m k i e s e l g u h r , two methods o f p r e p a r a t i o n 
were adopted,, Where the d e p o s i t s o f 'guhr' were r e l a t i v e l y u n i f o r m , 
the m a t e r i a l was r e f i n e d s i m p l y by b e i n g ' s l i m e d ' , a process s i m i l a r 
t o t h a t employed i n t h e p r e p a r a t i o n o f p o t t e r s ' c l a y , a s i m p l e 
f l o t a t i o n s e p a r a t i o n , , Less u n i f o r m kieselguhr was c a l c i n e d i n 
f u r n a c e s i n o r d e r t o d r i v e o f f i m p u r i t i e s , , C a l c i n i n g caused t h e 
k i e s e l g u h r t o t u r n t h e p i n k c o l o u r which was so l o n g a s s o c i a t e d 
w i t h dynamite t h a t when i t became necessary t o t u r n t o o t h e r 
v a r i e t i e s o f d i a t o m i t e as t h e ab s o r b e n t medium an a d d i t i o n of 
ochre was made t o r e t a i n thB accustomed p i n k c o l o u r i n g , , 
The L i f e - W o r k o f A l f r e d Nobel by Henry De Rosenthal F 0 I o C o ( p 0 4 4 4 ) 9 
The J o u r n a l of t h e S o c i e t y o f Chemical I n d u s t r y , 3 1 s t Clay 1899„ 
f a c t o r y , had been adopted. Of a l l the m a t e r i a l s which might have been 
on 
The r e s u l t o f h a v i n g a d e f e c t i v e c a n i s t e r s p i l l i t s n i t r o = 
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I t was a l s o necessary t o g r i n d down the c a l c i n e d k i e s e l g u h r i n a 
way which reduced the h o l l o w s p i c u l e s of s i l i c a t o an a p p r o x i m a t e l y 
u n i f o r m s i z e so t h a t t h e p r o p o r t i o n s of n i t r o g l y c e r i n e abosrbed 
s h o u l d n o t v a r y t h r o u g h o u t or between batches,. 
When t h e Ardeer f a c t o r y of the B r i t i s h Dynamite Co 0 was 
opened i t was necessary a t f i r s t t o i m p o r t t h e k i e s e l g u h r from 
Germany, s h o r t l y a f t e r w a r d s , however, s u i t a b l e d e p o s i t s were 
found i n S t i r l i n g s h i r e , , 
The d i s t i n c t i v e p r o p e r t i e s of k i e s e l g u h r were t o serve 
Nobel e x t r e m e l y w e l l l a t e r e The te r m k i e s e l q u h r was h e l d t o 
ap p l y t o a l l a b o s r b e n t diatomaceous earths,, I t proved a l m o s t 
i m p o s s i b l e t o d i s c o v e r any medium which c o u l d o f f e r t h e same 
q u a l i t i e s , . Few e x p l o s i v e s = which were n o t a c t u a l i n f r i n g e m e n t s 
of Nobel's p a t e n t — c o u l d o f f e r t h e same c o n c e n t r a t i o n of nitro=> 
g l y c e r i n e . The p o i n t was w e l l made i n 1876 when i n the case of 
Krebg_X _ B r i t i s h Dynamite Co. which was t a k e n b e f o r e t h e House of 
Lor d s . The judgement i s s a i d t o have t u r n e d upon the use of 
k i e s e l g u h r by the B r i t i s h Dynamite Co. w i t h i n the s p e c i f i c a t i o n 
of t h e p a t e n t g r a n t e d t o A l f r e d Nobel. W i t h t h e P r u s s i a n company 
of Messrs. Krebs and Co„, t h e i m p o r t e r s of ' L i t h o f r a c t e u r ' , c u t 
o f f f r o m t h e i r B r i t i s h markets t h e f i e l d was then almost e n t i r e l y 
c l e a r f o r Nobel and t h e B r i t i s h Dynamite Co a 
However f o r t u n a t e A l f r e d Nobel might have been i n t h e g e n e r a l f a l l 
o f e v e n t s , h i s b i o g r a p h e r s a s s e r t s t r o n g l y t h a t t h e d i s c o v e r y was not 
accidental„ 
"The i n v e n t i o n of dynamite has been a s c r i b e d t o a c c i d e n t , 
b u t t h i s i s n o t the case. Nobel was not e m p i r i c a l i n h i s methods, 
but always impressed upon those w o r k i n g w i t h him t h a t the days o f 
a c c i d e n t a l d i s c o v e r y had gone by and t h a t i t i s o n l y by 
s y s t e m a t i c a l l y p u r s u i n g a sound i d e a t h a t any p r o g r e s s can be 
made,, His c h o i c e of m a t e r i a l s may f r e q u e n t l y have f a l l e n on 
those n e a r e s t a t hand, but t h e fundam e n t a l i d e a of h i s i n v e n t i o n 
was always the r e s u l t o f e x p e r i m e n t s conducted on s t r i c t l y l o g i c a l 
and s c i e n t i f i c l i n e s . " 
The L i f e - W o r k o f A l f r e d Nobel by 
Henry de Rosenthal F o I . C 
Jbe J o u r n a l of_ tjTg_S^cjLety'of the 
£!lE[nicJi=JildHiJ^ ^ (P°444), 3 1 s t May 1899„ 
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( L i t t l e may he s a i d here o f De Rosenthal's a s s e r t i o n s - o t h e r 
t h a n t o remark t h a t he was an employee of the Nobel Company,, Any 
g e n e r a l r e a d i n g of the b i o g r a p h i e s o f the p a t r i a r c h a l f o u n d e r s o f 
l a r g e concerns w i l l y i e l d s i m i l a r i n t e r p r e t a t i o n s of t h e events,, 
B i o g r a p h e r s sometimes d i s p l a y a d i s t a s t s f o r a l l o w i n g f o r t h e w o r k i n g s 
o f Chance - c o i n c i d e n c e i n b i o g r a p h y can c a r r y no g r e a t e r burden of 
credence t h a n i t does i n f i c t i o n , , 
The Founding of t h e B r i t i s h Dynamite Company 
An i n t r o d u c t o r y note i s necessary here t o make c l e a r a necessary 
d i s t i n c t i o n between two sources o f m a t e r i a l , . Almost a l l of the sources 
c o n s u l t e d f o r the r e s t of t h i s s t u d y have been contemporary sourcess 
books, j o u r n a l s , and magazines which were p r i n t e d and i n c i r c u l a t i o n 
a t t h e t i m e 0 Only o c c a s i o n a l l y has i t been found necessary t o r e s o r t 
t o more secondary sources,, And where t h i s has been done i t has u s u a l l y 
been the case t h a t t he p a r t i c u l a r w r i t e r concerned - C u n d i l l , A b e l 9 
Guttman, M a r s h a l l = was a b l e t o r e c o r d p e r s o n a l e x p e r i e n c e o f much 
e a r l i e r e v e n t s . 
I n t r e a t i n g t h e t o p i c 'Dynamite' a d i f f i c u l t y a r i s e s , , Dynamite 
cannot e a s i l y be d i s c u s s e d a p a r t f r o m some c o n s i d e r a t i o n o f i t s 
i n v e n t o r , , And A l f r e d Nobel has been the s u b j e c t o f a number of 
e x h a u s t i v e biographies,, Some o f these works have been l i t t l e b e t t e r 
t h a n Company sponsored e u l o g i e s ; some have been more c r i t i c a l , , But 
w i t h o u t e x c e p t i o n , and f o r very good r e a s o n , they have a l l been w e l l 
researchedo The m a t e r i a l , i n t h e f o r m of sound p r i m a r y s o u r c e s , e x i s t s , , 
A l f r e d Nobel k e p t e x c e l l e n t r e c o r d s , He a l s o w r o t e up h i s work i n c l e a r 
i d i o m a t i c English,, 
T h i s p r e s e n t s a problem,, N o t h i n g u s e f u l would be accomplished by 
t a k i n g m a t e r i a l d i r e c t l y f r o m modern works,, But because t h e contemporary 
m a t e r i a l which i t has been p o s s i b l e t o l o c a t e i s s p a r s e , i t has been 
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necessary t o supplement i t , t o shore i t up, w i t h o t h e r q u o t a t i o n s t a k e n 
f r o m b i o g r a p h i e s w r i t t e n d u r i n g t h i s century,, I f t h i s were not done the 
new m a t e r i a l would have had t o have been p r e s e n t e d i n a d i s j o i n t e d f a s h i o n 
which c o u l d n o t have helped understanding„ 
j<nowledqe of Nobel's I n v e n t i o n s l o w l y disseminated^ 
As has a l r e a d y been s a i d , Nobel i n v e n t e d h i s dynamite towards the 
end of 1B66 0 I t i s r e m a r k a b l e t h a t the e a r l i e s t i n f o r m a t i o n about t h e 
new e x p l o s i v e which can be f o u n d i n the E n g l i s h p o p u l a r j o u r n a l s appears 
i n a l e t t e r p r i n t e d i n E n g i n e e r i n g on 13th March 1868, some f i f t e e n t o 
e i g h t e e n months a f t e r t h e discovery,, Nobel had secured l e g a l p r o t e c t i o n 
f o r h i s i n v e n t i o n i n the U n i t e d Kingdom f r o m the 7 t h Play 1867 when he had 
heen g r a n t e d B r i t i s h p a t e n t No 01345 0 And y a t t h e r e was a p p a r e n t l y no 
g r e a t a d v e r t i s e m e n t of t h e i n v e n t i o n . The c o r r e s p o n d e n t t o E j i g i j i e e r i n q 
c l e a r l y t h o u g h t he was r e p o r t i n g something new; t h e magazine's e d i t o r 
may be supposed t o have t h o u g h t t h e i n f o r m a t i o n n o v e l enough t o p r i n t , , 
"Dynamite 
To t h e E d i t o r of E n g i n e e r i n g 
S i r •= T h i n k i n g you might l i k e t o see a r e p o r t of some 
ex p e r i m e n t s made w i t h the new b l a s t i n g powder, I t a k e t h i s from 
a Norwegian paper; 
' A l f r e d Nobel, t h e i n t r o d u c e r o f n i t r o g l y c e r i n e as a b l a s t i n g 
powder ( w h i c h came i n t o u n i v e r s a l use i n t h e l a s t few y e a r s , on 
a c c o u n t of i t s s u p e r i o r s t r e n g t h 0 0 0 ) h a s i n v e n t e d a c o m b i n a t i o n 
which i s c a l l e d dynamite or Nobel's powder, which has a l l n i t r o -
g l y c e r i n e ' s good p o i n t s „ o „ and b u t few of i t s bad ones, as i t w i l l 
n o t explode by p e r c u s s i o n or heat of a f l a m e , but i s o n l y e x p l o s i b l e 
by a p e c u l s r method,,' ( w h i c h i s n o t named f u r t h e r i n t h e a r t i c l e , 
so suppose i t as y e t a secret,,, ' 
(The l e t t e r goes on t o d e s c r i b e a s e t of f o u r e x p e r i m e n t s 
which i n v o l v e d the b l a s t i n g o f g r a n i t e and t h i c k i c e ) c 
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S e v e r a l reasons c o u l d have i n c l i n e d Nobel t o wis h f o r a 
l o c a l i s a t i o n o f i n f o r m a t i o n about h i s i n v e n t i o n , , The most i m p o r t a n t 
reason f o r d i s c r e t i o n was l i k e l y t o have been t h a t he needed t i m e t o 
e s t a b l i s h h i s p a t e n t r i g h t s i n a l l c o u n t r i e s where t h i s was p o s s i b l e 0 
I n some c o u n t r i e s on t h e C o n t i n e n t - n o t a b l y A u s t r i a •= p a t e n t s were 
' s e a l e d ' , t h a t i s t o say s e c r e t , so t h a t once secured the i n f o r m a t i o n 
was n o t a v a i l a b l e t o anyone w i t h o u t s p e c i a l l e a v e f r o m the p a t e n t e e 0 
But i n t h e case o f the U n i t e d Kingdom, a t l e a s t , p a t e n t s were open t o 
i n s p e c t i o n , and t h u s t o a t t e m p t s a t c i r c u m v e n t i o n and i n f r i n g e m e n t 0 
W i t h h i s KrUmmel f a c t o r y d e s t r o y e d Nobel was u n l i k e l y t o have 
been a b l e t o s u p p l y any g r e a t demand f o r dy n a m i t e , no m a t t e r how great,, 
D u r i n g 1867 o n l y e l e v e n t o n s o f the new e x p l o s i v e were produced,,*" I t 
i s a l s o i m p o r t a n t t o remember t h a t Nobel's o t h e r f a c t o r i e s , those i n 
F i n l a n d , Norway, Sweden, and Bohemia, were i n o p e r a t i o n b e f o r e 1867 
and would have had t o o p e r a t e w i t h i n t h e i r own market c o n d i t i o n s , , 
E x i s t i n g s t o c k s would have had t o have been disp o s e d o f f i r s t s i t 
would have been u n p r o f i t a b l e t o have h e l d on t o n i t r o g l y c e r i n e a l r e a d y 
produced u n t i l k i e s e l g u h r c o u l d be i m p o r t e d t o c o n v e r t i t i n t o dynamite,, 
S c o t t i s h Finances The B r i t i s h Dynamite Company 
The f o l l o w i n g . i s a s h o r t s y n o p s i s o f the main e v e n t s s u r r o u n d i n g 
t h e f o r m a t i o n and the f i r s t y e a rs of the B r i t i s h Dynamite Company,, 
T h i s i s g i v e n as a necessary s t r i n g o f g e n e r a l business h i s t o r y upon 
which t o t h r e a d t h e v a r i o u s t o p i c s i n t h e h i s t o r y of t e c h n o l o g y which 
w i l l a f t e r w a r d s be t r e a t e d i n more d e t a i l . The sources f o r t h e s y n o p s i s 
are e s s e n t i a l l y modern and w i l l be c i t e d b elow 0 
Nobel was n e g o t i a t i n g w i t h t h e Glasgow merchants t h r o u g h J„Downie 
as e a r l y as b e f o r e 1 5 t h June 1868„ At t h i s t i m e , however, he s t i l l had 
hopes of r a i s i n g c a p i t a l i n England, Though he had n o t approached t h e 
major bank i n g houses f o r support,, 
I m p e r i a l J C h e m i c a l I n d u s t r i e s L t d , ^  and i t s Founding Companies, Is The 
H i s t o r y ^ o f Nojml's E x p l o s i v e Company J3nd_ Nobel I n d u s t r i e s L t d , , IBlf^ 
19267 " Pub,' iVColo London 1938", Ch, ioT p, 47<, 
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The p a s s i n g o f t h e N i t r o g l y c e r i n e Act p r e c l u d e d t h e s e t t i n g up o f 
a s i t e i n England or U a l e s 0 But, under c e r t a i n c o n d i t i o n s , a f a c t o r y 
i n S c o t l a n d c o u l d be l i c e n s e d , , 
Dohn Douinie a p p l i e d f o r a l i c e n c e , , There was a v e r y l o n g d e l a y , 
d u r i n g which Downie was o c c u p i e d s i m p l y i n f i n d i n g o u t the c o n d i t i o n s 
under which a l i c e n c e m i g h t be granted,, L i c e n c e s were t o be g r a n t e d 
o n l y f o r the p r o d u c t i o n o f n i t r o g l y c e r i n e i n ~ s i t u = t h i s made f a c t o r y 
p r o d u c t i o n impossible,, The r e g u l a t i o n was t h e work o f A b e l 0 
A l i c e n c e f o r the Ardeer f a c t o r y was a t l a s t g r a n t e d i n 1871„ 
Dohn Downie was t o f o r m a p u b l i c company w i t h a c a p i t a l o f 
£ 2 4 5 0 0 0 0 The company was t o buy and work t h e r i g h t s i n Nobel's B r i t i s h 
p a t e n t o Nobel was t o be t e c h n i c a l a d v i s o r and he was t o a l l o w the f i r m 
access t o any improvements he m i g h t make t o h i s e x i s t i n g p a t e n t o The 
f i n a l outcome o f the n e g o t i a t i o n s was t h a t Nobel was t o h o l d h a l f of t h e 
c a p i t a l i n v e s t m e n t = he was t h e l a r g e s t s h a r e h o l d e r b u t had n o t l e g a l 
c o n t r o l over t h e e n t e r p r i s e 0 
The Glasgow i n v e s t o r s were slow t o pay t h e c a p i t a l t h e y had 
s u b s c r i b e d o Nobel t h r e a t e n e d t o w i t h d r a w 0 
The Ardeer f a c t o r y was b u i l t i n some f a s h i o n d u r i n g 1872? 
p r o d u c t i o n of n i t r o g l y c e r i n e and hence of dynamite began i n 1873o 
The s t o r y o f t h e Nobel E x p l o s i v e s Company as an example of the 
g r o w t h o f a T r u s t i s commonplace o f Economic H i s t o r y 0 
The L a d y w e l l Quarry T r i a l s 
The e d i t i o n o f The P r a c t i c a l f-lechanic's J o u r n a l f o r 1 s t Duly 1B68 
( p o 1 0 6 ) h o l d s an a c c o u n t o f a s e r i e s of e x p e r i m e n t a l b l a s t s which were 
c a r r i e d o u t a t ' F a i l l ' s L a d y w e l l Quarry, Duke S t r e e t , Glasgow, on Monday 
1 5 t h Dune of t h a t y e a r 0 These e x p e r i m e n t a l e x p l o s i o n s were the u s u a l 
way of p r o m o t i n g any new e x p l o s i v e producto I n the case o f the L a d y w e l l 
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Quarry d e m o n s t r a t i o n , Nobel h i m s e l f was p r e s e n t . The purpose o f t h e 
e x p e r i m e n t s was t o show p o t e n t i a l S c o t t i s h i n v e s t o r s t h a t dynamite was 
n o t o n l y s a f e b u t a l s o t h a t i t was e x t r e m e l y p o w e r f u l , Nobel was t o 
h o l d s i m i l a r t r i a l s i n England, a t t h e Greystone Lime Works, Merstham, 
near R e d h i l l i n S u r r e y , d u r i n g Duly of 1 8 6 8 0 * 
W i t h i n the account o f t h e L a d y w e l l Quarry b l a s t s , however, t h e r e 
a r e a few s t r i k i n g i n d i c a t i o n s t h a t t h e r e was a l r e a d y an a p p r e c i a t i o n 
o f the range o f performance t h a t had become p o s s i b l e w i t h t h e i n t r o d u c t i o n 
o f d y n a m i t e . 
The a c c o u n t i s l o n g so o n l y those t h r e e of t h e e x p e r i m e n t s which 
b e s t i l l u s t r a t e h i g h e x p l o s i v e phenomena w i l l be q u o t e d ; 
"Experiment No, 8 = A bar of m a l l e a b l e i r o n s i x i n c h e s 
(15,24 cms) i n l e n g t h and 1-g- i n c h e s (3,8 cm) i n d i a m e t e r , 
a c c u r a t e l y t u r n e d , was p l a c e d i n a wooden c y l i n d e r , w i t h one h a l f 
p r o j e c t i n g o u t s i d e , w h i l e t h e space between t h e i n n e r and t h e 
o u t e r h a l f of the bar and t h e w a l l s o f the wooden c y l i n d e r was 
f i l l e d w i t h about ^ l b , (267 gram) o f d y n a m i t e , which was t h e n 
f i r e d , when t h a t h a l f o f t h e i r o n which was e n c l o s e d i n t h e 
c y l i n d e r was f o u n d t o be 1/32 of an i n c h ( 0 o 0 8 cm) l e s s i n 
d i a m e t e r than the h a l f which p r o j e c t e d beyond i t „,, i t p o i n t e d 
o u t a l s o the p e c u l i a r l o c a l e f f e c t i t possesses; f o r w h i l s t t h e 
e x p l o s i v e e f f e c t s o f t h e o t h e r agents u s u a l l y spend themselves i n 
t h e d i r e c t i o n o f l e a s t r e s i s t a n c e , t h i s , most s i n g u l a r l y , a c t s i n 
a more d e c i d e d way upon o b j e c t s n e a r e s t t o i t , whether s i t u a t e d 
i n t h e d i r e c t i o n of l e a s t r e s i s t a n c e or n o t 0 , , " 
And l a t e r ; 
" Experiment N o 0 l l = A wooden c y l i n d e r o f t h e same k i n d 
used i n Experiment No 08 was charged w i t h l b 0 (267 gram) of 
d y n a m i t e , and a t i n p l a t e p l a c e d b e f o r e the mouth; t h i s was 
p l a c e d about t w e n t y i n c h e s ( 5 1 cm) f r o m two b o i l e r p l a t e s , each 
3/8ths o f an i n c h ( 1 cm) t h i c k , and t o u c h i n g each o t h e r ; t h e 
f u s e was then l i g h t e d , and t h e e f f e c t o f the e x p l o s i o n was t o 
A c o n c i s e a c c o u n t of t h e rierstham e x p e r i m e n t s i s g i v e n i n The P r a c t i c a l 
n e c j w d c j s^  Jour r i a l , f ° r 1 s t August 1868„ These t r i a l s s e r e more w i d e l y 
r e p o r t e d t h a n those a t Glasgow, 
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d r i v e t h a t p o r t i o n o f t h e t i n p l a t e which was o p p o s i t e t h e c e n t r e 
o f t h e c y l i n d e r t h r o u g h b o t h of t h e p l a t e s , making a h o l e i n each 
s u f f i c i e n t l y l a r g e t o a d m i t one's f i n g e r , , The t h i c k n e s s o f t h e 
t i n p l a t e was about 1/64 of an i n c h ( 0 o 0 4 cm).,," 
Here i s an account o f what i s almost an example o f t h e 'shaped~ 
ch a r g e ' phenomenon (The Hunro E f f e c t ) ; a s l u g o f m e t a l i s p l a c e d a t t h e 
bottom of a cone=shaped c a v i t y made i n a charge o f h i g h e x p l o s i v e ; when 
the charge i s d e t o n a t e d , the m e t a l i s v a p o u r i s e d and i s a b l e t o punch a 
h o l e t h r o u g h r e s i s t a n t m a t e r i a l w i t h i n the l i n e o f e x p l o s i v e force,, 
"Experiment l\lo 012 •= About x l b („113 kg) o f dynamite was 
p l a c e d on a b l o c k of s t o n e w e i g h i n g from 3 t o 4 tons (2„95 tonnes = 
3 094 t o n n e s ) ; a f u s e f i t t e d w i t h a cap was t h e n p l a c e d i n i t , and 
t h e whole covered up w i t h c l a y , and the e f f e c t o f t h e e x p l o s i o n was 
t o c r a c k t h e s t o n e i n such a manner t h a t a few blows w i t h a d r e s s i n g 
hammer and c h i s e l were o n l y necessary t o make i t ready f o r the 
b u i l d e r ' s hand,," 
The above d e s c r i b e d e x p e r i m e n t i s an example of the p r a c t i c e which 
has come t o be c a l l e d 'mudcapping' and i s s t i l l i n common use f o r 
p r e c i s e l y t h e same purpose t o d a y 0 
I t can t h u s be s a i d t h a t w i t h i n a l i t t l e more t h a n a year o f i t s 
i n v e n t i o n t h r e e a t l e a s t o f t h e most u s e f u l t e c h n i q u e s f o r the p r a c t i c a l 
use o f dynamite as a h i g h e x p l o s i v e had been worked out„ 
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The N i t r o g l y c e r i n e B i l l and t h e N i t r o g l y c e r i n e Act 
The N i t r o g l y c e r i n e _ B j . l l and t h e subsequent N i t r o g l y c e r i n e Act 
(32 and 33 U i c t a r i a , cap.113) o f 1869 have a l r e a d y been a l l u d e d t o i n 
a f o r e g o i n g s e c t i o n of t h e work, i n c o n n e c t i o n w i t h t h e d o u b t f u l t e s t i m o n y 
g i v e n by P r o f e s s o r Abel t o S i r 3ohn Hay M„P 0 about t h e dangers a s s o c i a t e d 
w i t h t h e h a n d l i n g of f r o z e n n i t r o g l y c e r i n e , , Some f u r t h e r d i s c u s s i o n of 
th e t o p i c i s w a r r a n t e d here because t h e p a s s i n g o f t h e N i t r o g l y c e r i n e Act 
was t o have f a r ~ r e a c h i n g e f f e c t s upon t h e way i n which the n i t r o g l y c e r i n e 
e x p l o s i v e s were developed i n t h e U n i t e d Kingdom. The d i s c u s s i o n has 
been r e s e r v e d u n t i l now because i t i s f e l t t h a t , w h i l e t h e l e g i s l a t i o n 
was p u t i n hand t o r e s t r a i n t h e use of n i t r o g l y c e r i n e , i t s e f f e c t s were t o 
f a l l more d i r e c t l y upon the newly d i s c o v e r e d d y n a m i t e . Indeed by the 
t i m e t h e Act was passed, v e r y l i t t l e n i t r o g l y c e r i n e = used a l o n e - was 
b e i n g employed i n b l a s t i n g a t a l l . 
I f n i t r o g l y c e r i n e , w i t h a l l i t s dangers and d e f e c t s , had been seen 
as a t h r e a t t o t h e demand f o r g u n - c o t t o n , d y n a m i t e , which was as s a f e as 
g u n - c o t t o n , more c o n v e n i e n t t o u s e 9 more p o w e r f u l , must have o f f e r e d t o 
d r i v e g u n — c o t t o n e n t i r e l y f r o m i t s markets. 
A major t h r e a t r e q u i r e d a major response. To have f o s t e r e d t h e 
rumour t h a t n i t r o g l y c e r i n e was u n s t a b l e when f r o z e n had c l e a r l y n o t been 
s u f f i c i e n t . S t r o n g e r a c t i o n was needed. The g u n - c o t t o n i n t e r e s t 
(Messrs. H a l l & Sons e t a l , and t h e i r p r i n c i p a l a g e n t , A.F. Abe l ) was 
a l s o t h e B r i t i s h i n t e r e s t . Gun-=cotton was a l r e a d y i n use, i t used a 
raw m a t e r i a l i m p o r t e d f r o m B r i t i s h c o l o n i e s ? t h e r e was, perhaps above 
a l l , a l r e a d y a c o n s i d e r a b l e c a p i t a l i n v e s t m e n t i n t h e means of making 
the e x p l o s i v e , N o b e l s on the o t h e r hand, was a f o r e i g n i n t e r l o p e r , i n 
the o l d e r sense o f t h a t word,, The g u n - c o t t o n i n t e r e s t p r o b a b l y f e l t 
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f u l l y j u s t i f i e d i n u s i n g t h e i r c o u n t r y ' s l e g a l and p a r l i a m e n t a r y system i n 
t h e way t h e y d i d o 
M a t e r i a l o n l y s u f f i c i e n t t o t r e a t t h e main a r t i c u l a t i o n s o f the 
episode can be o f f e r e d h e r e 0 But, as was t h e case w i t h Gale's Gunpowder, 
i t i s hoped t o show t h a t t h e E x p l o s i v e s I n d u s t r y had much th e same back= 
ground as any o t h e r d u r i n g the n i n e t e e n t h c e n t u r y D 
The B i l l was i n t r o d u c e d i n t o the House by a Mr, Alderman Lawence, 
CI.P, and a Mr, Graves, PloPo The o s t e n s i v e reason f o r t h e i n t r o d u c t i o n 
of t h e B i l l was t h a t t h e r e was good evidence t o show t h a t q u a n t i t i e s of 
n i t r o g l y c e r i n e l i q u i d had been c a r r i e d about i n and s t o r e d i n b o t h London 
and L i v e r p o o l , 
I n t h e case of L i v e r p o o l t h e r e were proper grounds f o r c o m p l a i n t 0 
Under t h e terms o f The L i v e r p o o l Gunpowder R e g u l a t i o n e t c Act of 1865 
(28 and 29 V i c t o r i a , c a p 0 2 7 8 ) , t h e C o r p o r a t i o n o f L i v e r p o o l was empowered 
t o r e g u l a t e t h e p a s s i n g o f e x p l o s i v e s f r o m s h i p p i n g i n t h e Mersey,, There 
were l a r g e powder magazines a t W a l l a s e y 0 Under t h e terms of The C a r r i a g e 
and D e p o s i t o f Dangerous Goods A c t 0 1866 (29 and 30 V i c t o r i a , cap„69) 9 
n i t r o g l y c e r i n e was s p e c i f i c a l l y named as b e i n g ' s p e c i a l l y dangerous', and 
i t was o r d e r e d t h a t any package o f n i t r o g l y c e r i n e was t o be c l e a r l y so marked. 
Y e t , i n the f a c e o f b o t h o f these p i e c e s o f l e g i s l a t i o n , i t was 
d i s c o v e r e d t h a t the n i t r o g l y c e r i n e which had exploded a t Cwm=y=Glo (The 
Caernarvon E x p l o s i o n ) had passed unmarked as such t h r o u g h t h e j u r i s d i c t i o n 
of t h e Mersey Docks and Harbour Board, The consignment was o r d e r e d by 
Orlando Webb, i n h i s c a p a c i t y as D i r e c t o r of the Glyn Rhonwy S l a t e Company,, 
The g u n - c o t t o n i n t e r e s t c o u l d h a r d l y have wished f o r a b e t t e r o p p o r t u n i t y , , 
The j ^ t r ^ q l y c e r i n e ^ A c t was passed. The dubious c o n d i t i o n s under 
which i t was passed and i t s d e f e c t s as a p i e c e of l e g i s l a t i o n were f u l l y 
a d v e r t i s e d by the s u p p o r t e r s o f Nobel, The f o l l o w i n g r e p r e s e n t a good 
•H-
The_JTimes., 30th Dune 1851, 2a,5e„ 
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sample o f t h e c r y of f o u l p l a y which a f t e r w a r d s arose i n t h e j o u r n a l s % 
"The d i s s a t i s f a c t i o n which a t p r e s e n t e x i s t s w i t h r e f e r e n c e 
t o t h e laws on e x p l o s i v e s , has r e f e r e n c e l a r g e l y i f n o t m a i n l y 
t o the N i t r o - g l y c e r i n e Act 0 o <. which was h a s t i l y passed t h r o u g h 
P a r l i a m e n t on t h e 1 1 t h August 1869 <,<,<> and so h a s t i l y was the Act 
passed t h r o u g h t h e House, t h a t i n t h e t i t l e i t i s s t a t e d t o be an 
Act ' f o r a l i m i t e d P e r i o d ' a l t h o u g h nD p e r i o d i s named i n any of t h e 
clauseso The f a c t i s t h a t t h e B i l l l i m i t e d t h e Act t o one y e a r 9 
b u t t h i s l i m i t a t i o n was s t r u c k o u t by Mr, Bruce i n committee, and 
the amendment t o t h e t i t l e was o m i t t e d t o be made<,„„" 
E n g i n e e r i n g , 1 s t Hay 1874 (p„319) 
And again? 
" I t would d o u b t l e s s appear s t r a n g e t h a t dynamite -
p o s s e s s i n g as i t does so many g r e a t advantages <= s h o u l d be so 
l i t t l e known and so v e r y much l e s s used i n England,, The t r u t h 
i s t h a t dynamite would u n d o u b t e d l y have had as g r e a t a r u n i n 
England as on t h e C o n t i n e n t , and had i t n o t been t h a t a s h o r t 
Act was q u i e t l y smuggled t h r o u g h P a r l i a m e n t d u r i n g the Session 
of 1869 0 I t i s known as t h e ' N i t r o g l y c e r i n e A c t ' and i t v i r t u a l l y 
p r o h i b i t s the i m p o r t a t i o n , e x p o r t a t i o n , m a n u f a c t u r e , s a l e , or even 
the p o s s e s s i o n of 'every substance h a v i n g n i t r o g l y c e r i n e i n any 
f o r m as one o f i t s component p a r t s or i n g r e d i e n t s , , ' The Act i s a 
v e r y snug l i t t l e a f f a i r , and i f n o t promoted by the g u n = c o t t o n 
p a r t y , why then i t ought to have been; i t c a n n o t f a i l , however, t o 
a f f o r d them much c a t i s f a c t i o n 0 " 
(The w r i t e r goes on t o d e s c r i b e the e f f e c t i v e n e s s of t h e Act's 
p r o v i s i o n s i n v i r t u a l l y s u p p r e s s i n g dynamite i n the U n i t e d Kingdom) 0 
" I t w i l l t h u s be seen t h a t e x t r a o r d i n a r y impediments have 
been th r o w n i n the way o f t h e use of dynamite i n t h i s c o u n t r y ^ 
and the consequence i s t h a t no more t h a n 20 t o n s ( 1 9 0 7 t o n n e s ) 
have been s o l d i n Great B r i t a i n s i n c e t h e Act was passed,, Messrs, 
Webb and Co„ of Bangor are the agents f o r P1r0 Nobel = whose f a c t o r y 
i s a t Lauenburg (Krummel) - but they i n f o r m us t h a t t h e y are l i t e r a l l y 
d o i n g n o t h i n g , a l t h o u g h t h e y have c o n s t a n t a p p l i c a t i o n s f o r the 
m a t e r i a l 0 o » managers are c o n s t a n t l y p r e s s i n g f o r f u r t h e r s u p p l i e s p 
b u t of course t o no purpose,," 
E n g i n e e r i n g , 22nd September 1871 (p„183) 
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I t w i l l be noted t h a t l i c e n c e f o r the i m p o r t a t i o n o f a t l e a s t 
some dynamite had been g r a n t e d d u r i n g the two years which had gone by 
s i n c e t h e p a s s i n g o f the A c t , E x c e p t i o n s were allowed„ 
f o r t h e manufacture e t c o f n i t r o g l y c e r i n e compounds, i f i t can 
be shown t h a t these substances can be s a f e l y made and used. And 
as a m a t t e r o f f a c t s e v e r a l n i t r o g l y c e r i n e compounds have been 
l i o e n e e d by t h e Home O f f i c e , and are being made and used. But the 
c o n d i t i o n s imposed under t h e n i t r o g l y c e r i n e Act are hampering and 
r e s t r i c t i v e , e s p e c i a l l y as r e g a r d s t r a n s p o r t and s t o r a g e , o n l y v e r y 
s m a l l q u a n t i t i e s = 5 c w t . („246 ton n e s ) = o f any compound being 
a l l o w e d t o be conveyed f r o m p l a c e t o p l a c e a t one t i m e 0 
Here i t s h o u l d be remarked t h a t P r o f e s s o r Abel had h i m s e l f t a k e n 
o u t a p a t e n t , B r i t i s h p a t e n t l\lo 03,652, as l o n g b e f o r e t h e p a s s i n g of the 
A c t as t h e 2 4 t h December 1867, f o r an e x p l o s i v e which he had named 
' G l y o x i l i n e 1 o T h i s was a m i x t u r e o f g u n = c o t t o n and n i t r o g l y c e r i n e , , 
I t may be t h a t Abel was a b l e t o g e t a l i c e n c e f o r h i s l a t e r work w i t h 
1 G l y o x i l i n e ' „ I f he was n o t , the p e r s o n a l s a c r i f i c e was n o t great,, 
' G l y o x i l i n e ' was n o t a success. 
The opponents of dynamite had a t l e a s t e q u a l access t o t h e j o u r n a l s , 
and made use o f the r i g h t t o propound t h e i r v i e w s . The f o l l o w i n g i s a 
s h o r t sample of the heavy=handed way i n which t h e semantics were 
m a n i p u l a t e d i n the arguments 
appears a t l a s t t o have been r e c o g n i s e d by i t s c h i e f s u p p o r t e r , 
Mro Nobel, who was i n d u c e d t o c o n t r i v e a mode of a p p l y i n g the 
substance w h i c h , by d i s g u i s i n g the l i q u i d , might r o b i t of some 
of i t s t e r r o r s , and r e n d e r i t 0 o , The r e s u l t of h i s l a b o u r s has 
been t h e p r o d u c t i o n o f a b u f f c o l o u r e d powder, somewhat o i l y t o 
t h e t o u c h , w h i c h , under t h e name of 'dynamite' has r e c e n t l y been 
b r o u g h t under t h e n o t i c e i s i n r e a l i t y a somewhat crude 
"But t h e Act a l s o p r o v i d e s t h a t l i c e n c e s s h a l l be g r a n t e d 
E n g i n e e r i n g , 1 s t Ray 1874 (p,119) 
"The s e r i o u s o b j e c t i o n s t o t h e use o f n i t r o g l y c e r i n e 
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n i t r o g l y c e r i n e p r e p a r a t i o n , and c o n s i s t s s i m p l y of a s i l i c e o u s 
e a r t h ( o r any o t h e r i n e r t powder) impregnated w i t h a c o n s i d e r a b l e 
q u a n t i t y of n i t r o g l y c e r i n e , , " 
E n g i n e e r i n g 9 2 7 t h November 1868, p<,138 
Both s i d e s were a b l e t o i n s e r t t h e i r comments i n t o a r t i c l e s which 
were o t h e r w i s e s t r a i g h t t e c h n i c a l n a r r a t i v e s . 
A f t e r t he 11th August 1869 t h e Nobel Company was e f f e c t i v e l y 
e x c l u d e d f r o m s e l l i n g e i t h e r n i t r o g l y c e r i n e or dynamite i n England. 
I t was a s e r i o u s r e v e r s e . 
"Great B r i t a i n i s i n my o p i n i o n by f a r t he most i m p o r t a n t 
of a l l t h i s branch o f b u s i n e s s , n o t o n l y on account o f the v a s t 
i n t e r n a t i o n a l t r a d e b u t a l s o t he g r e a t f a c i l i t y f o r e x p o r t t o 
th e c o l o n i e s „ „ o t h i n k of a l l t h e I n d i a n r a i l w a y s , A u s t r a l i a n 
m i n i n g and so f o r t h o 
A l f r e d Nobel t o John Downie 
A p r i l 1869 NC X I I ( 3 ) 
C i t e d i n s 
'IMPERIAL CHEMICAL INDUSTRIES AND ITS 
FOUNDING COMPANIES' WOLoIs 1871=1926, 
I . C . I o j , London 1938„ 
(The above w i l l a l s o s e r v e t o show t h a t Nobel was i n c o n t a c t w i t h 
t h e Scot, Dohn Downie, b e f o r e t he p a s s i n g of N i t r o g l y c e r i n e A c t ) 0 
But f o r c e r t a i n purposes S c o t l a n d has a degree of autonomy,, The 
w r i t o f t h e E n g l i s h Home O f f i c e a p p l i e d t h e n , as now, o n l y t o England 
and Waleso S c o t l a n d came under the S c o t t i s h O f f i c e - a t l e a s t so f a r 
as t he i s s u e o f l i c e n c e s f o r t h e e r e c t i o n of e x p l o s i v e s f a c t o r i e s was 
concerned,, And i t may have dismayed Abel and h i s a s s o c i a t e s t o l e a r n 
t h a t n o t o n l y was Nobel a b l e t o c i r c u m v e n t t h e new l e g i s l a t i o n , b u t a l s o 
t h a t t h e r e was s u f f i c i e n t c a p i t a l a t l a r g e i n S c o t l a n d t o r a i s e t h e 
i n v e s t m e n t necessary t o b u i l d a U n i t e d Kingdom f a c t o r y , , D o u b t l e s s the 
Glasgow merchants had every b i t as much i n f l u e n c e a t the Edinburgh S c o t t i s h 
O f f i c e as Abel had had a t t h e London Home Of f i c e , , 
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I t may a l s o bs t h a t t h e l o s s e s i n c u r r e d by the l a r g e s t m a n u f a c t u r e r 
of g u n ~ c o t t o n , P r e n t i c e , as a r e s u l t o f t h e Stowmarket E x p l o s i o n of 1870s, 
made f o r a d i m i n u t i o n i n t h e t r a d e ' s c a p a c i t y t o f i g h t i n c u r s i o n s , , 
I f t h e N i t r o g l y c e r i n e Act can bs s a i d t o have accomplished a n y t h i n g , 
i t i s t h a t i t must haue a t l e a s t a v e r t e d many a c c i d e n t a l e x p l o s i o n s i n 
s m a l l m a n u f a c t o r i e s o N i t r o g l y c e r i n e was easy t o make and r e q u i r e d l i t t l e 
i n t h e way o f plant,, The making of f a n c i f u l " p a t e n t ' d_y_namite=type 
e x p l o s i v e s by i n v e n t o r ~ p r o p r i e t o r s o f the same s o r t who dabbled i n 
c h l o r a t e c o m p o s i t i o n s was made u n a t t r a c t i v e by t h e l e g a l p e n a l t i e s p r o v i d e d 
f o r i n t h e Acts i m p r i s o n m e n t f o r one y e a r , w i t h h ard l a b o u r , £r a f i n e o f 
£500„ 
I n t u r n i n g t o t h e use of l e g i s l a t i o n as a weapon i n what was 
e s s e n t i a l l y commercial c o m p e t i t i o n t h e home e x p l o s i v e s i n d u s t r y may w e l l 
have hastened t h e i n s t i t u t i o n o f the more s t r i n g e n t c o n t r o l s which were 
t o come w i t h t h e E x p l o s i v e s Act o f 1875„ 
The S i t e o f t h e Ardeer F a c t o r y 
Nobel h i m s e l f i s s a i d t o have chosen the S i t e o f the Ardeer 
F a c t o r y o f the B r i t i s h Dynamite Company fr o m among s e v e r a l p i c k e d o u t 
by John Downie beforehand,, He r e c o r d e d h i s own i m p r e s s i o n s s 
" P i c t u r e t o y o u r s e l f e v e r l a s t i n g b l e a k dunes w i t h no 
b u i l d i n g s o Only t h e r a b b i t s f i n d a l i t t l e n o urishment h e r e j 
t h e y e a t a substance which q u i t e u n j u s t i f i a b l y goes by the 
name of grass and o f which some few t r a c e s are t o be fou n d here 
and there,, T h i s i s a w o n d e r f u l sand d e s e r t , where the wind 
always blows, and o f t e n h owls, f i l l i n g e a r s w i t h sand which a l s o 
d r i f t s about t h e room l i k e f i n e d r i z z l e . There, l i k e a huge 
v i l l a g e , l i e s t he f a c t o r y , and most o f t h e b u i l d i n g s have hidden 
themselves behind s a n d h i l l s , , A few ya r d s away t h e ocean begins 
o o o w i t h o u t work i t would be i n t o l e r a b l e . 
I m p e r i a l ^ J Z h e m i c a l I n d u s j r j L e s L t d 0 and its 
F j u n d i n ^ C o m p a n i e s o Is T h e _ J j i s t o r y of_ 
j ^ o b e l j s E x p l o s i v e Company and Nobe^l J n d u s j t r X s s 
l t d , " - J j ' 1 j j l i j j j . < • P u b o I o C I o London, 1938 ~ ( p 0 2 2 ) 0 
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As a s i t e f o r an e x p l o s i v e f a c t o r y Ardeer o f f e r e d many advantages,, 
As a l o c a t i o n i t was remote and, as e v e n t s were t o show, i t was v u l n e r a b l e 0 
There were v e r y many o t h e r s i t e s w i t h i n t h e U n i t e d Kingdom which would 
have o f f e r e d more g e n e r a l advantages^ The main i n f l u e n c e which 
d e t e r m i n e d t h e c h o i c e of Ardeer was t h a t t h e Glasgow s h a r e h o l d e r s wanted 
an o v e r s i g h t o f t h e i r i n v e s t m e n t and no doubt a chance t o share i n any 
i n c i d e n t a l business,, 
The a c t u a l s i t e was 'a s t r e t c h of s a n d h i l l s , 1,000 y a r d s (914 m) 
l o n g by 600 y a r d s (549 m) deep „„„ on the shore o f t h e F i r t h of Clyde, 
about a m i l e f r o m S t e v e n s t o n and a m i l e f r o m I r v i n e ' 0 
Access t o t h e sea, e i t h e r d i r e c t l y f r o m t h e open roadsteads 
"a few cases a t a t i m e were manufactured and c a r r i e d by 
men and women t o t h e beach, and then t a k e n t h r o u g h t h e s u r f t o 
be loaded i n t o boats i n t h e most p r i m i t i v e manner,," 
RISE AND PROGRESS OF BRITISH EXPLOSIVES 
INDUSTRY,, London, 1912 (p„112) 
or f r o m t h e l i t t l e p o r t o f I r v i n e , , The o p t i o n of l o a d i n g dynamite i n t o 
c o a s t e r s d i r e c t l y was important?, b u t a f a r g r e a t e r advantage came of 
b e i n g a b l e t o make up a l a r g e cargo o f e x p l o s i v e f o r t r a n s h i p m e n t 
d i r e c t l y i n t o t h e h o l d s o f ocean=going v e s s e l s anchored i n t h e F i r t h of 
C l y d e 0 I n t h i s way t h e p o r t o f Glasgow would be spared t h e hazard o f 
h a v i n g t h e dynamite pass t h r o u g h i t f and i n c i d e n t a l l y t h e owners of 
v e s s e l s l o a d i n g dynamite i n t h i s way would be spared c e r t a i n p o r t dues,, 
The s u b j e c t o f t h e sea t r a n s p o r t of dynamite w i l l be t r e a t e d as a 
s e p a r a t e t o p i c p r e s e n t l y 0 
The Glasgow and South Western Railway l i n e r a n c l o s e t o the 
Ardeer s i t e , , At some t i m e i n the f i r m ' s h i s t o r y a s p e c i a l branch l i n e 
t o t h e f a c t o r y was b u i l t , b u t e x a c t l y how l o n g a f t e r the s e t t i n g up of 
the f i r m t h i s was i s unclear» The r a i l w a y t r a n s p o r t o f dynamite w i l l 
a l s o be t r e a t e d under a s e p a r a t e heading l a t e r i n t h i s s e c t i o n o f the work 0 
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The sand dunes of t h e Ardeer chore were seen as ready—made blast=> 
w a l l s f o r the p r o t e c t i o n o f the f a c t o r y b u i l d i n g s i n the ev e n t o f 
a c c i d e n t a l explosion., They a l s o had a secondary f u n c t i o n which i s l i t t l e 
m entioned i n t h e l i t e r a t u r e ? t h e s l o p e of a t l e a s t one of t h e dunes 
a l l o w e d t h e 'one i n s i x t y f i v e 8 * f a l l w hich p e r m i t t e d t h e n i t r o g l y c e r i n e 
and t h e waste a c i d s t o f l o w by g r a v i t y down t o the n e x t stage of the 
processo The term ' N i t r o g l y c e r i n e H i l l ' which r e f e r r e d t o such a dune 
a t Ardeer was elsewhere a t t a c h e d t o something q u i t e d i f f e r e n t o At 
f a c t o r i e s o t h e r t h a n t h e one a t A r d e e r , t h e term was a common r a t h e r 
t h a n a p r o p e r noun i n t h a t i t i n d i c a t e d a magazine which was p r o t e c t e d 
by b e i n g b u r i e d under a f l a t ^ t o p p e d p i l e of e a r t h or sa n d 0 
Over a l l , t h e Ardeer must have proved t o have been a s a t i s f a c t o r y 
s i t e - i t i s s t i l l b e i n g used f o r t h e l a r g e = s c a l e p r o d u c t i o n o f n i t r o -
g l y c e r i n e e x p l o s i v e s , , 
I n d u s t r i a l P l a n t a t Ardeer 
The Ardeer f a c t o r y of the B r i t i s h Dynamite_ Company went i n t o 
p r o d u c t i o n on t h e 1 3 t h January 1873 when a charge o f 1500 l b 0 (680 kg) 
of n i t r o g l y c e r i n e was made,, Nobel's l i f e l o n g f r i e n d and f e l l o w countryman, 
A l a r i c k Liedbeck designed and s u p e r v i s e d t h e c o n s t r u c t i o n o f a l l the p l a n t 
a t Nobel's f a c t o r i e s , , The n i t r a t i o n a p p a r a t u s a t Ardeer was designed t o 
•5HS-
handle t e n charges o f n i t r o g l y c e r i n e a week Q 
A r d e e r , f o r whatever r e a s o n , l o o k s t o have been w o r k i n g a t l e s s 
t h a n t h e c a p a c i t y Liedbeck had p r o v i d e d f o r 0 At t h e s t a t e d c a p a c i t y 
t h e annual o u t p u t of n i t r o g l y c e r i n e s h o u l d have been o f t h e o r d e r of 
335 t o n s (330 tonnes)? i t was 170 o25 tons (165 t o n n e s ) , 227 tons (223 
to n n e s ) of ' N o 0 l ' dynamite (1,500 l b s 0 x 10 = 15,000 lb„ = Output f o r 
n o t i o n a l 6=day week§ 3J5jJ3QQ = 2,500 l b 0 p e r day„ A l l o w a w o r k i n g year 
6 
•is- . . Ex^losive£, A„Flarshall, Pub 0D„A. C h u r c h i l l , London 1917, U o l o l (p„227)„ •JKJ-
I m p e r i a l Chemical I n d u s t r i e s L t d 0 and i t s Founding Companies, I 0 The 
H i s t o r y of Nobel's E x p l o s i v e Company and Nobel I n d u s t r i e s L t d 0 1871= 
1926, P u b o I o C I . London, 1938, p„152„ 
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of 300 days s 365 days » 52 Sabbaths and a n o t i o n a l t h i r t e e n days f o r 
o t h e r l o s s e s o f p r o d u c t i o n and h o l i d a y S o The a n n u a l o u t p u t might thus 
be expected t o have been 750,000 l b s or 334 08 I m p e r i a l tons (330 t o n n e s ) 
a p p r o x i m a t e l y 0 
The i n f o r m a t i o n t h a t t h e n i t r a t i o n a p p a r a t u s designed by Liedbeck 
made a b a t c h o f 1,500 l b s 0 o f n i t r o g l y c e r i n e a l l o w s us t o make some 
e s t i m a t e o f t h e c a p a c i t y o f t h a t apparatus? 
1 0 1500 lbso = one l o a d of n i t r o g l y c e r i n e , , 
2 0 One c u b i c f o o t o f water = 62o5 lbs„ 
3 0 One c u b i c f o o t of g l y c e r i n e = 62„5 x 1 0265 ( s 0 g 0 g l y c e r i n e ) = 
79 l b s o per c u b i c f o o t 0 
4„ One c u b i c f o o t of n i t r o g l y c e r i n e ( a l l o w i n g f o r an i n c r e a s e of 
a p p r o x i m a t e l y 20 per c e n t d u r i n g the n i t r a t i o n p r o c e s s ) = 95 l b s 0 
per c u b i c foot,, 
5„ 1500 l b s o = 15„8 c u b i c f e e t per l o a d 
95 l b s 
6o A l l o w a l a y e r of n i t r o g l y c e r i n e a t t h e bottom of the v a t of one 
f o o t t h i c k n e s s , t h e n 
7 ( a ) the v a t c o u l d have been o n l y 15 08 = 9 a p p r o x i m a t e l y 
4„ 4 f t o x 4 f t o , or 
2 
( b ) 15o8 ss 5 = r and 5 = 2 02 r a d i u s , 4 04 ft„dia„ 
3 014159 
Xhe__vat or c o n t a i n e r c o u l d have been q u i t e s m a l l i n i t s dimensions 
M e t r i c e q u i v a l e n t s ; 
1500 l b s , = 680 o29 kg»5 62„5 l b s . = 28„35 k g 0 , 35<,8 kg„ 
1 5 0 8 s q 0 f t o = ( a p p r o x ) 1»4B sq 0 m e t r e s o 
Since t h e r e a c t i o n t i m e f o r t h e making o f n i t r o g l y c e r i n e was n o t 
l o n g , i t can be supposed t h a t t h e n i t r a t i o n o f the g l y c e r i n e was n o t a 
c o n t i n u o u s process d u r i n g t h e e a r l y d a y s 0 Two charges a day f o r f i v e 
days each week would produce t h e q u a n t i t y which Liedbeck had had 
d e s i g n e d t h e p l a n t t o p r o d u c e c 
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I t can be s a i d t h a t t h e s m a l l e c a l e of p r o d u c t i o n o p e r a t i n g 
between 1873 and 1876 d i d n o t go on„ C e r t a i n l y , by 1883 George 
f l ' R o b e r t s who became C h i e f Chemist t o the Company a t the b e g i n n i n g of 
F e b r u a r y 1873, f o l l o w i n g A l a r i k Liedbeck's r e t u r n t o Sweden, was t o 
speak i n a p u b l i c l e c t u r B of batches of 7 05 to n s (7„4 t o n n e s ) of n i t r o -
g l y c e r i n e being r u n a t one time,, The p l a n t t o handle t h i s s c a l e o f 
p r o d u c t i o n must have been v/ery much l a r g e r and would have needed 
a p p r o p r i a t e h o u s i n g D 
The n i t r i c a c i d f o r t h e process was made by t h e 'pot process's 
s u l p h u r i c a c i d was d i s t i l l e d w i t h C h i l e s a l t p e t r e i n b a t t e r i e s o f c a s t 
i r o n c o n t a i n e r s , , T h i s process i s d e s c r i b e d and i l l u s t r a t e d i n d e t a i l 
i n t h e 1872 e d i t i o n of Wagner's A Handbook of Chemical Technology (Trans 
Wo Crookes F 0R.S 0)o The Company drew i t s s u l p h u r i c a c i d f r o m a f a c t o r y 
a t nearby W e s t q u a r t e r which i t had bought f r o m George M'Robertso 
TTie n i x i n g of Dynamite 
K i e s e l g u h r d y n a m i t e , 'Dynamite No„l', which was t h e o n l y dynamite 
p e r m i t t e d t o be manufactured i n t h e U n i t e d Kingdom, was mixed by hand,, 
•JHf-
Oscar Guttman g i v e s a c l o s e d e s c r i p t i o n o f the process,, However, 
f r o m t h e p h r a s i n g of h i s d e s c r i p t i o n , Guttman was d r a w i n g on h i s e x p e r i e n c e 
of more t h a n one f a c t o r y , and t h i s across a c o n s i d e r a b l e p e r i o d of t i m e , 
a f t e r 1875„ The s p e c i f i c p r o c e d u r e s f o l l o w e d a t the Ardeer f a c t o r y are 
n o t mentioned by Guttman,, 
N i t r o g l y c e r i n e l i q u i d was t a k e n d i r e c t l y f r o m the n i t r a t i o n and 
washing s t a g e s of t h e manufacture and r u n a t once i n t o z i n c = l i n e d 
' t r o l l e y s ' c o n t a i n i n g a q u a n t i t y of c a l c i n e d and l i g h t l y ground k i e s e l g u h r 
s u f f i c i e n t t o f o r m a ' p a s t e ' when mixed w i t h t h e e x p l o s i v e , , This a l l o w e d 
L e c t u r e d e l i v e r e d by Mr„ G„ McRoberts, 2 5 t h A p r i l 1883 b e f o r e t h e Glasgow 
P h i l o s o p h i c a l Society,, Quoted i n Thorpe's A, D i x j t i o n a r y o f ^ A p f j l i e d 
( ^emistry^ ( p 0 7 2 ) , Pub 0 Longman Green, London 1891„ 
t h e Ranuf^acjture__of__Cxplosives, Oscar Guttman, W h i t t a k e r , London, 1895, 
Vol 0lT7p7l92")o 
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t h e n i t r o g l y c e r i n e t o be moved about the f a c t o r y w i t h much g r e a t e r s a f e t y 0 
The second m i x i n g was done w i t h the o p e r a t i v e s ' bare hands, on 
t a b l e s c overed w i t h s h e e t leado A d d i t i o n a l k i e s e l g u h r was added u n t i l 
t h e p aste became a s t i f f i s h p u t t y 0 Only by w o r k i n g w i t h t h e i r bare hands 
c o u l d t h e workmen ensure t h a t p r e c i s e f i n e n e s s o f t o u c h which a l l o w e d them 
t o know when the m i x t u r e was so p r o p o r t i o n e d t h a t t h e r e was no f r e e n i t r o = 
g l y c e r i n e p r e s e n t , nor any un-used a b s o r b e n t c a p a c i t y . I t can be supposed 
t h a t t h e k i e s e l g u h r was n o t o f a u n i f o r m nature,, 
The workmen were s a i d q u i c k l y t o have a c q u i r e d an immunity t o t h e 
w e l l known p h y s i o l o g i c a l i l l * - ' e f f e c t s a s s o c i a t e d w i t h c o n t a c t w i t h n i t r o = 
g l y c e r i n e ? though i t was a l s o known t h a t t h e immunity was soon l o s t and 
t h e d i s c o m f o r t s , t h e headaches and t h e nausea, had t o be endured a f r e s h 
i f t h e r e was a v e r y l o n g absence f r o m the work,, 
The s t i f f m i x t u r e r e s u l t i n g f r o m t h e second p r o c e s s i n g was i n the 
f o r m of w e l l - k n e a d e d lumps,, I n o r d e r t o ensure t h a t the k i e s e l g u h r 
and t h e n i t r o g l y c e r i n e were t h o r o u g h l y w e l l i n c o r p o r a t e d t h e m i x t u r e was 
f o r c e d t h r o u g h a mesh of brass w i r e s h e l d i n a wooden frame,, Guttman 
g i v e s t h e meshes as being o f seven t o t h e I m p e r i a l i n c h (2„540 cm,) 
Again t h i s o p e r a t i o n was c a r r i e d w i t h t h e bare hands and a wooden s p a t u l a * 
I t i s r e a s o n a b l e t o v i s u a l i s e t h e outcome o f t h i s p a r t of t h e manufacture 
as s m a l l p e l l e t s o f dynamite,, The most l i k e l y reason f o r t h i s e x t r a 
o p e r a t i o n would seem t o be e l i m i n a t i o n of any r e m a i n i n g c a v i t i e s or 
bubbles which might h o l d unmixed n i t r o g l y c e r i n e , , 
The f i n a l s t a g e o f manufacture came when the d y n a m i t e , i n t h e f o r m 
of p e l l e t s or crumbs, was pressed i n t o c a r t r i d g e s and wrapped i n waxed 
or 'parchmentised' p a p e r 0 
A l l of t h e machines shown i n t h e l i t e r a t u r e o f t h e s e v e n t i e s are 
h a n d = o p e r a t e d 0 The most common t y p e s are shown as e i t h e r u p r i g h t , 
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£ost g p i s t o n and l e v e r p r e s s e s , or as screw e x t r u d e r s of the t y p e s t i l l 
t o be found i n use as k i t c h e n mincers,, 
L a t e r machinery was i n t r o d u c e d f o r a l l of t h e o p e r a t i o n s d e s c r i b e d 
above. When t h i s was done cannot be s a i d w i t h any confidence,, Machine 
p r o c e s s i n g had been i n t r o d u c e d a t Ardeer by A p r i l o f 1883 when C FIcRoberts, 
FoCSo read h i s paper on t h e w o r k i n g s o f t h e Ardeer Factory,, A best 
guess f o r the date of the i n t r o d u c t i o n o f machinery would be 1877 when 
the f i r m was r e c o n s t i t u t e d as Nobel's E x p l o s i v e s Company a f t e r h a v i n g been 
the B r i t i s h Dynamite Company s i n c e i t s f o r m a t i o n , , 
The P r o p e r t i e s of Dynamite 
The p r i n c i p a l advantage o f f e r e d by t h e new e x p l o s i v e was t h a t i t 
was s t a b l e , , 
"The s t a b i l i t y o f dynamite has been p r a c t i c a l l y c o n f i r m e d 
by e x t e n s i v e and d a i l y use i n mines on the C o n t i n e n t , and by a 
l i m i t e d use i n England, as w e l l as by t h e l a r g e q u a n t i t i e s which 
are s t o r e d a t t h e f a c t o r i e s , , Beyond t h i s , t h e most c a r e f u l 
i n v e s t i g a t i o n s have shown thM; t h e r e i s n o t t h e s l i g h t e s t ground 
f o r a p p r e h e n s i o n on t h a t score,. Under c o n t i n u e d exposure t o t h e 
d i r e c t r a y s o f t h e sun d u r i n g the whole o f the summer of 1868 = 
an e x c e p t i o n a l l y h o t one = n o t t h e s l i g h t e s t c h e m i c a l change c o u l d 
be detected,, o o " 
E r i g i n e ^ i n g ^ , 7?.nd September 1871 ( p 0 1 8 3 ) 
Dynamite co u l d _ j T p t be f i r e d by the s p u r t of f l a me f r o m a fuse,, I t 
*# 
r e q u i r e d t h e use of a b l a s t i n g cap t o i n i t i a t e the explosion,, 
C o n f i d e n c e , beyond c e r t a i n bounds of prudence, i n the s t a b i l i t y o f 
dynamite c o u l d be f a t a l 0 I n g i v i n g h i s t e s t i m o n y t o t h e £axlij3,mejitjirj^ 
S e l e c t Committee• on_^xp_lqsive_5ubstrances, i n 1874, 3ohn Downie, the 
f i r s t manager o f the B r i t i s h Dynamite Coo, had answered t h e q u e s t i o n 
* See McRoberts' L e c t u r e c i t e d above,, 
The L i f e-bJqrk of A I f r e d No be 1 by Henry De Closenthal, F 0 I 0 C . (p„444), 
J o u r n a l of t h e S o c i e t y of Chemical I n d u s t r y , 3 1 s t Ray 1899 D 
•SHH:-
Report o f the S e l e c t Committee on E x p l o s i v e Substances, 10/4o 
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"You would have no f e a r w h a t e v e r , I suppose, i n s e t t i n g f i r e y o u r s e l f 
t o h a l f a dozen 50 l b , ( 2 2 0 6 kg) boxes l o o s e ? " , w i t h an u n e q u i v o c a l 
answer o f "None whatever".. A few months l a t e r , i n the January of 
1875, John Downie went t o Cookhaven, i n I r e l a n d t o d i s p o s e of a con-
signment of dynamite which had d e t e r i o r a t e d i n a s h i p ' s h o l d . He l i t 
a f i r e and f e d i t w i t h l o o s e c a r t r i d g e s , , There was an e x p l o s i o n and 
Downie d i e d soon a f t e r w a r d s 0 
I t o c c u r r e d a t once t o t h e d e t r a c t o r s of dynamite t h a t the com-
b i n a t i o n of n i t r o g l y c e r i n e w i t h k i e s e l g u h r would r e s u l t i n some l o s s 
of e x p l o s i v e power, Abel was q u i c k t o p o i n t t h i s o u t 0 But t h e r e 
were o t h e r s who were i n c l i n e d t o s e t t h i s d i s a d v a n t a g e a s i d e , f i r . 
P e r r y F. Nursey, i n h i s s e r i e s of a r t i c l e s , "On E x p l o s i v e Compounds f o r 
E n g i n e e r i n g Purposes", which appeared i n The Engineer f o r 1 2 t h March 1869 
( p 0 1 8 6 ) wrote? 
" I t has been urged i n some q u a r t e r s t h a t the a d d i t i o n o f 
s i l i c a t o n i t r o g l y c e r i n e c o n s t i t u e s a dead l o s s of e x p l o s i v e 
power 0 T h i s , however, i s a mistake,, P r a c t i c a l l y s p e a k i n g , 
t h e r e i s no l o s s whatever,, The dangerous p r o p e r t i e s o f n i t r o -
g l y c e r i n e , leakage i n t o c r e v i c e s ,,, r e n d e r i t a b s o l u t e l y 
necessary t o make use of c a r t r i d g e s which l e a v e a c o n s i d e r a b l e 
a i r room i n the powder chamber , d y n a m i t e r e a d i l y f i l l s up 
the bore h o l e , and l e a v e s no empty space,, P r a c t i c a l l y , t h e r e f o r e , 
a b o r e - h o l e charged w i t h dynamite w i l l h o l d f u l l y as much n i t r o -
g l y c e r i n e as when i t i s charged w i t h the l i q u i d e x p l o s i v e o i l , so 
t h a t the s i l i c a i s no drawback,,„" 
I t can be suggested t h a t where the very h a r d e s t r o c k had t o be 
d r i l l e d by hand t h e r e would s t i l l be a use f o r t h e g r e a t e r power of t h e 
pure n i t r o g l y c e r i n e , , A margin of 25 per c e n t on the c a p a c i t y o f a bor e -
h o l e m i g h t n o t always have been o f f — s e t by t h e e x t r a s a f e t y engendered by 
the use o f d y n a m i t e , 
Flinutes o f t h e Proceedings o f t h e I n s t i t u t e o f C i v i l En_q.ijeers^ VoloXLVo 
IMo~,1342~~ ~ "Exp. Aq_^pp^^J^n^ 0_Pjjjrp°" Abel e t c . 
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N o t w i t h s t a n d i n g t h e s i g n i f i c a n t l o s s o f b l a s t i n g power which t h e 
s u b s t i t u t i o n of dynamite f o r n i t r o g l y c e r i n e b r o u g h t , t h e p l a s t i c 
e x p l o s i v e was s t i l l p o w e r f u l enough t o be very economical i n u s e 9 and 
i n any e v e n t much more so t h a n t h e a v a i l a b l e alternatives„ ThB j o u r n a l 
E n g i n e e r i n g f o r 22nd September 1871 (p„183), quotes Nobel h i m s e l f on the 
r e l a t i v e power o f h i s i n v e n t i o n ; 
i t s d e s t r u c t i v e power i s e s t i m a t e d t o be about t e n t i m e s t h a t o f 
an e q u a l w e i g h t o f gunpowder. I f , t h e r e f o r e , we t a k e t h e average 
work done by 1 l b („45359 kg) o f gunpowder a t 32,832 lb„ (15 t o n n e s ) 
= and average o b t a i n e d f r o m a c t u a l p r a c t i c e i n s i x d i f f e r e n t p l a c e s 
a n d i n v a r i o u s k i n d s o f r o c k = we g e t 32,320 lbs,, (144 t o n n e s ) or 
about 146-|- t o n s , as t h e work done by 1 l b 0 of dynamite,. Hence, 
a l t h o u g h i t s c o s t i s g r e a t e r 0„„ i t s use i s a t t e n d e d by g r e a t e r 
economy 0 „ <, i n one mine i n C o r n w a l l as much as 50 per c e n t „ „ „ „ 
John d e l Rey M i j i i n g Company doubled t h e i r w o r k i n g s a t two t h i r d s 
t h e c o s t of gunpowder „„» t h i s same company saves £1,000 per 
month by t h e use of dynamite,," 
The r e a d i n e s s w i t h which n i t r o g l y c e r i n e s e p a r a t e d o u t f r o m i t s 
s t a b i l i s i n g k i e s e l g u h r was a d e f e c t t h a t was remedied by e n c a s i n g the 
dynamite i n c a r t r i d g e s made of w a t e r p r o o f e d p a p e r 0 The d i s a d v a n t a g e 
was n o t a g r e a t one<> Only where t h e dynamite was b e i n g used f o r 
b l a s t i n g under w a t e r , and where t h e r e was a s t r o n g c u r r e n t , would t h e r e 
have been any need t o p r o v i d e f o r a d d i t i o n a l c a s i n g - Where i t was 
d e s i r e d t o g e t h o l d of some n i t r o g l y c e r i n e l i q u i d i t would have been 
s i m p l e enough t o d i s s o l v e dynamite c a r t r i d g e s i n water,, 
Dynamite f r o z e a t an even h i g h e r t e m p e r a t u r e t h a n nitroglycerine„ 
The f r e e z i n g o f n i t r o g l y c e r i n e has a l r e a d y been d i s c u s s e d i n a f o r e g o i n g 
s e c t i o n o f t h i s w o r k D What was s a i d of n i t r o g l y c e r i n e w i l l l a r g e l y 
h o l d f o r dynamite,. 
"With r e g a r d t o t h e power o f dynamite we may observe t h a t 
John d e l Rey M i l l i n g  
P r o b a b l y ' f o o t / p o u n d s ' 
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[\ccidents_ with_ Dynamite 
A l t h o u g h dynamite was v e r y much s a f e r t o handle and t o s t o r e 
t h a n n i t r o g l y c e r i n e i t was n e v e r t h e l e s s s t i l l an e x p l o s i v e = and a t 
t h e p o i n t o f use i t was as dangerous as any o t h e r u n l e s s c a r e f u l l y 
managedo Uery many accounts o f a c c i d e n t s which o c c u r r e d d u r i n g t h e 
f i r s t y e a r s a f t e r dynamite came i n t o use i n the U n i t e d Kingdom c o u l d 
be adducedj but such d e s c r i p t i o n s would n e a r l y d u p l i c a t e t h e examples 
a l r e a d y g i v e n i n t h e d i s c u s s i o n on t h e use of n i t r o g l y c e r i n e . Here 
a more g e n e r a l p i e c e of contemporary t e s t i m o n y w i l l be used. The 
e v i d e n c e of Dr. C0 Le IM0 F o r e s t ( i n s p e c t o r of t h e Western D i s t r i c t s 
S o m e r s e t s h i r e and D o r s e t ) g i v e n b e f o r e H„M„ Commissioners and I n s p e c t o r s 
on M i n i n g A c c i d e n t s and t h e Employment of E x p l o s i v e s i n Wines <, „,, 
1868 = 1881, M i n i n g A c c i d e n t s 10, 2 7 t h May 1879 ( p 0 1 2 9 ) 0 
"4106o You have had, I see, a c o n s i d e r a b l e number of 
deaths t o r e p o r t f r o m t h e use, t h e v e r y extended use, o f 
dynamite? are these now f a l l i n g o f f i n number as t h e men are 
becoming b e t t e r a c q u a i n t e d w i t h i t ? = I s t i l l have a g r e a t 
many dynamite a c c i d e n t s , 
"4107 o Perhaps you would s t a t e t o t h e Commission what 
has been t h e u s u a l or t h e p r e v a l e n t cause of a c c i d e n t s w i t h 
dynamite? = 
I have had s i x f a t a l a c c i d e n t s and seven deaths f r o m 
dynamite f r o m 1873 t o 1878? f o u r deaths appear t o be due t o 
remnants of dymamite l e f t a f t e r p a r t i a l e x p l o s i o n of t h e 
c h a r g e , which went o f f when men were w o r k i n g i n t h e same hole 
or i n t h e bottom o f t h e h o l e . Two f a t a l a c c i d e n t s f r o m b o r i n g 
i n t o charges of dynamite t h a t had missed f i r e And then I 
have one f a t a l a c c i d e n t f r o m p u t t i n g a charge of dynamite i n t o 
a h o l e t h a t had j u s t been f i r e d w i t h powder, t h e powder had n o t 
done i t s work, and t h e dynamite was p u t i n and went o f f 0 " 
There were i n a d d i t i o n a c c i d e n t s where no deaths were r e p o r t e d 
I r i s h Unlversitj/_P_r_ess_ S e r i e ^ j _ ^ l T J , _Minin_q_Accidents 0 B r i t i s h 
P a r 1 i a m e n t a r y Papers, Shannon; I r e l a n d , 
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b u t where, n e v e r t h e l e s s , workmen were i n j u r e d , . 
"4109 I have had 25 n o n - f a t a l a c c i d e n t s w i t h d y n a m i t e , 
c a u s i n g i n j u r y t o t h i r t y s i x p e r s o n s , and I have c l a s s i f i e d them 
i n t o s i x c l a s s e s . Class one, ' b o r i n g or w o r k i n g near missed 
charges or p l a c e s where charges had missed f i r e and had been 
s u b s e q u e n t l y f i r e d o f f , ' ,,<> Class two, ' c l e a n i n g o u t h o l e s 
where dynamite remained, e i g h t a c c i d e n t s and e l e v e n persons i n j u r e d , . 
The Commissioners e n q u i r e d c l o s e l y and e x t e n s i v e l y i n t o a c c i d e n t s 
a s s o c i a t e d w i t h the use of t h e new dynamite e x p l o s i v e . 
The T r a n s p o r t o j M j y n a m i t e by Railway 
Railway Company was p r o b a b l y one o f the f a c t o r s t a k e n i n t o account) when 
the Ardeer s i t e was chosen. But access t o the l i n e of a s i n g l e company 
was n o t , i n those days of numerous in d e p e n d e n t companies, t h e same t h i n g 
as access t o t h e r a i l w a y network of the e n t i r e U n i t e d Kingdom, The 
h i s t o r y o f t h e r e l a t i o n s between t h e B r i t i s h Dynamite Company (and i t s 
s u c c e s s o r s ) and t h e r a i l w a y s , a l m o s t as a whole, was t o be one o f a hard 
and uneven s t r u g g l e on t h e p a r t o f t h e makers o f d y n a m i t e , a g a i n s t an 
a t t i t u d e , expressed i n p o l i c y , o f , a p p a r e n t l y , o b s t r u c t i v e o v e r = c a u t i o n 
on t h e p a r t o f the r a i l w a y d i r e c t o r s . 
The reasons behind t h e decades of embargo a g a i n s t dynamite can o n l y 
be guessed a t , w i t h o u t deeper r e s e a r c h beyond the p e r i o d under s t u d y . 
C e r t a i n l y t h e r e was more t o t h e b u s i n e s s t h a n a concern f o r t h e companies' 
r o l l i n g s t o c k and passengers. Other e x p l o s i v e s were c a r r i e d , s u b j e c t t o 
c e r t a i n s a f e t y r e q u i r e m e n t s , more or l e s s f r e e l y 0 
From t h e o u t s e t , t h e need t o c o n v i n c e the r a i l w a y companies o f 
t h e s a f e t y of dynamite i n t r a n s i t had been a p p r e c i a t e d by the B r i t i s h 
Dynamite_mpgjiy° Only a m a t t e r o f a f o r t n i g h t a f t e r t h e f i r s t dynamite 
had been made a t Ardeer t h e company had t h o u g h t i t e x p e d i e n t t o stage an 
_JJynami
The nearness of t h e l i n e b e l o n g i n g t o t h e fJlasgow and South Western 
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extended demonstration,, T h i s was n o t t o bo, as b e f o r e , an e x h i b i t i o n 
o f dynamite's powerg i t was designed t o be a d r a m a t i c d e m o n s t r a t i o n of 
t h e e x p l o s i v e ' s s j a b a j l i t ^ o The j o u r n a l E n g i n e e r i n g r e p o r t e d t h e 
e x p e r i m e n t s a t length,, Only t h e f i r s t o f the n i n e e x p e r i m e n t s , which 
i s t y p i c a l of t h e r e s t , w i l l be quoted h e r e ; 
" F i r s t Experiment = T h i s e x p e r i m e n t „„„ performed w i t h 
t h e view o f d e m o n s t r a t i n g t h e s a f e t y w i t h which dynamite may 
be h a n d l e d , and s t o r e d , and c a r r i e d by r a i l w a y , , The substance 
was s u b j e c t e d , i n Hr,, Nobel's hands, t o such t r e a t m e n t as r a r e l y 
happens i n c o n n e c t i o n w i t h o r d i n a r y r a i l w a y t r a f f i c s i n d e e d , i t 
was GO r i g i d l y severe as t o suggest the t o t a l i m p o s s i b i l i t y o f 
p r o d u c i n g an e x p l o s i o n w i t h dynamite under any c o n d i t i o n o f t h i n g s 
t h a t i s w i t h i n the bounds o f p r o b a b i l i t y i n t h e shape of r a i l w a y 
c o l l i s i o n s , f a l l s f rom waggons, goods s t o r e s , e t c 
There had been e x t e m p o r i s e d a s o r t of wooden tower o f 
s u f f i c i e n t h e i g h t t o g i v e a v e r t i c a l f a l l o f 40 ft„ (12„2 m)„ 
To t h e t o p of t h i s s o = c a l l e d tower t h e r e was h o i s t e d a d e a l box 
c o n t a i n i n g 50 lb„ (22„9 kg) w e i g h t o f dynamite c a r t r i d g e s ? when 
the s i g n a l o f ' A l l c l e a r ' was g i v e n , i t was p e r m i t t e d t o drop 
down upon a ve r y s o l i d mass o f woodwork,, The box was s e v e r e l y 
s h a t t e r e d by t h i s c o n c u s s i o n , and t h e c a r t r i d g e s were f r e e l y 
s c a t t e r e d a b o u t , b u t t h e r e was no e x p l o s i o n , , " 
E r i q i n e e r i n q 0 1 4 t h February 1873 
That r e s i s t a n c e t o t h e f r e e passage o f dynamite on t h e r a i l w a y s 
d i d n o t come f r o m those b e s t equipped t o judge t h e degree o f hazard 
e n t a i l e d i s a l s o i n d i c a t e d a t t h e b e g i n n i n g o f the a r t i c l e c i t e d above,, 
"The t r a f f i c managers o f a l l t h e S c o t t i s h r a i l w a y s have 
been f o r many months t h o r o u g h l y s a t i s f i e d of the a l m o s t t o t a l 
i mmunity f r o m danger „„„ under a l l c o n d i t i o n s o f c a r r i a g e , as 
they p e r s o n a l l y ' a s s i s t e d ' a t numerous e x p e r i m e n t s performed 
a t t h e r e q u e s t of t h e Railway C l e a r i n g House Committee by 
P r o f e s s o r B i s c h o f of t h e Young Chair o f T e c h n i c a l C h e m i s t r y , 
Glasgowo»o" 
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(The name of P r o f e s s o r B i s c h o f r e c u r s i n c o n n e c t i o n w i t h t h e 
B r i t i s h Dynamite Company). 
But t h e o p i n i o n s o f employees, even of p r o f e s s i o n a l employees, 
i n S c o t l a n d , was n o t t o weigh a t a l l w i t h t h e r e p r e s e n t a t i v e s of the 
E n g l i s h r a i l w a y companies. I n a l o n g a r t i c l e i n E n g i n e e r i n g f o r 12th 
June 1874, The Laws of ExpJLosives, which r e p o r t e d on t h e p r o g r e s s of t h e 
e n q u i r y c a r r i e d o u t by a P a r l i a m e n t a r y Commission as a p r e l i m i n a r y t o the 
p a s s i n g o f the E x p l o s i v e s Act o f 1875, t h i s was made c l e a r i n the 
r e p o r t e d t e s t i m o n y of w i t n e s s e s ! 
"Mr.Kay, who a t t e n d e d Mr 0 Cawkwell, on b e h a l f of t h e 
London and N o r t h Western Railway Company 0 ° o h i s company and 
most o t h e r s , had t h e i r own o p i n i o n upon t h e s u b j e c t of n i t r o -
g l y c e r i n e compounds » o o n o t w i t h s t a n d i n g a l l t h a t had been done 
t o show the s a f e t y o o o the s i t n e s s went so f a r as t o say t h a t 
h i s d i r e c t o r s p r e f e r r e d t h a t o t h e r companies s h o u l d e x p e r i m e n t 
w i t h o o o c a r r y i n g t h e se compoundso" 
I t i s n o t d i f f i c u l t t o p o s i t a p o s s i b l e r eason f o r t h e r a i l w a y 
companies* u n w i l l i n g n e s s even t o c o n s i d e r c a r r y i n g dynamite on t h e i r 
l i n e s , , As has a l r e a d y been s a i d , t h e y c a r r i e d more dangerous loads 
e v e r y d a y 0 The t h i n g most l i k e l y t o have caused the r a i l w a y companies 
t o m a i n t a i n t h e i r embargo f o r so l o n g was t h e f e a r t h a t by a g r e e i n g t o 
c a r r y dynamite they would have angered t h e m a n u f a c t u r e r s o f o t h e r 
e x p l o s i v e s o The embargo was a m a n i f e s t a t i o n of t h e c o n t i n u i n g and 
f i e r c e c o m p e t i t i o n between the makers o f gunpowder and g u n = c o t t o n 
which had f i r s t shown i t s e l f i n t h e p a s s i n g of the Nitj^jgly£g^rine_A£to 
And w i t h t h e r a p i d c o n s o l i d a t i o n o f t h e e x p l o s i v e s i n d u s t r y under the 
c o n t r o l o f P1essrs„ C u r t i s & Harvey., t h i s must have c o n s t i t u t e d a 
f o r m i d a b l y p o w e r f u l f o r c e 0 
The power of t h e e x p l o s i v e s i n d u s t r y over t h e r a i l w a y s l a y i n t h e 
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q u a n t i t y o f f r e i g h t t h a t t h e i n d u s t r y employed t h e r a i l w a y s t o c a r r y 0 
The sheer volume of r a i l " f r e i g h t g e n e r a t e d by the makers of b l a c k gun= 
powder a l o n e was very many t i m e s t h a t o f t h e B r i t i s h Dynamite Company's 
output,. I t has been shown t h a t t h e tonnage o f gunpowder alone f r o m 
t h e P o r t of Glasgow i n 1872 was more t h a n 675 t o n s (686 t o n n e s ) 0 
A l t h o u g h t h e w e i g h t of powder made c o n t i n u e d t o d i m i n i s h as the c e n t u r y 
p r o g r e s s e d , i t was a l o n g t i m e b e f o r e t h e r a i l w a y s agreed t o c a r r y 
dynamite = 1893 0 Dynamite i s n e i t h e r heavy nor very b u l k y . Gunpowder, 
e s p e c i a l l y t h e l a r g e r g r a i n e d gunpowder, i s bulky,. And f r e i g h t i s 
d e t e r m i n e d by t h e space t a k e n up on a t r a i n , , The volume o f gunpowder 
produced i n t h e U n i t e d Kingdom, even a f t e r 1875, was s t i l l enormous when 
i t i s c o n s i d e r e d j u s t how many uses t h e r e were i n which gunpowder was un= 
c h a l l e n g e d ? a l l n a v a l and m i l i t a r y ordnance a t home and abroad, a l l 
m i l i t a r y s m a l l arms ammunition, much b l a s t i n g powder, e s p e c i a l l y t h a t 
s e n t f o r e x p o r t , and a l l ' t r a d e ' gunpowder,, And t h e f r e i g h t would have 
been p a i d on t h e raw m a t e r i a l s in_ as w e l l as upon t h e f i n i s h e d powders out_<, 
Some l i n e s would c a r r y dynamite = a t a pri c e , , The f o l l o w i n g 
t e s t i m o n y was g i v e n a t t h e same e n q u i r y as t h a t c i t e d above, and i t was 
r e p o r t e d i n t h e same j o u r n a l , 
"Mr* Downie, Manager o f t h e B r i t i s h Dynamite Works 0 0 0 
and t h e d i f f i c u l t i e s o f t r a n s p o r t , , These d i f f i c u l t i e s were 
r e f e r a b l e t o the o b j e c t i o n s of t h e r a i l w a y companies t o c a r r y 
n i t r o g l y c e r i n e compounds, a l t h o u g h t h e i r s a f e t y had been amply 
p r o v e d . There were two e x c e p t i o n s , and those were two r a i l w a y s 
i n t h e N o r t h , b u t t h e y sharged enomously h i g h r a t e s f o r c a r r y i n g 
i t 0 The most t h e y would c a r r y , s a i d t h i s w i t n e s s , was two t o n s 
( 2 o 0 6 4 t o n n e s ) i n any one t r a i n O O 0 " 
(The i n t e r j e c t i o n of t h e e d i t o r i a l ' s a i d t h i s w i t n e s s ' 
may have been w e l l advised? a c c o r d i n g t o t h e terms of t h e 1869 
N i ^ t r o ^ l x c e r i n e , Act o n l y 5 cwt„ (203 kg) c o u l d l e g a l l y be conveyed 
a t one tirne)„ 
•=297. 
The second of t h e two S c o t t i s h r a i l w a y s which would c a r r y 
dynamite may have been t h e NorAh_Br_ijtisjT_ Railway „ The No B.R. t r a n s -
p o r t e d the mercury f u l m i n a t e which t h e B r i t i s h Dynamite Company bought 
i n t o make d e t o n a t o r s a t i t s two S t i r l i n g s h i r e f a c t o r i e s ? t h a t a t 
Polmont and a n o t h e r a t West Quarter,, I t seems u n l i k e l y t h a t the l i n e 
would have been g i v e n t h e c a r r i a g e of the f u l m i n a t e w i t h o u t a g r e e i n g t o 
c a r r y dynamite w i t h o u t p r e j u d i c e . 
The a b i l i t y o f t h e r a i l w a y companies t o m o n i t o r what f r e i g h t was 
c a r r i e d on t h e i r l i n e s was l i m i t e d t o t h e i n f o r m a t i o n e n t e r e d on way= 
b i l l s and marked on c a s e s 0 R e f e r r i n g a g a i n t o t h e a r t i c l e c i t e d above, 
t h e r e i s a g r i m humour i n some of t h e t e s t i m o n y r e l a t i n g t o t h e ways i n 
which t h e p r o h i b i t i o n a g a i n s t t h e c a r r i a g e of dynamite on the r a i l w a y s 
was c i r c u m v e n t e d ; 
"The Duke o f S u t h e r l a n d gave f a v o u r a b l e evidence r e s p e c t i n g 
t h e t r a n s p o r t and use of d y n a m i t e , he h a v i n g p r a c t i c a l e x p e r i e n c e 
i n b o t h those r e s p e c t s . When r e f e r r i n g t o t h e d i f f i c u l t y of 
g e t t i n g i t t r a n s p o r t e d by r a i l , and on b e i n g asked how he had 
e f f e c t e d i t s c a r r i a g e , h i s grace s i m p l y observed t h a t hatboxes ware 
v e r y c o n v e n i e n t and p o r t a b l e , , o " 
The e f f o r t s of b o o t l e g g i n g noblemen a s i d e , t h e r a i l w a y ' s sustained 
r e f u s a l t o c a r r y -dynamite was p r o b a b l y more of a s o r e annoyance t h a n a 
d i r e c t r e s t r a i n t upon t h e e x t e n t t o which dynamite was used i n t h e U n i t e d 
Kingdom a f t e r 1B73 0 Water t r a n s p o r t ~ both c o a s t a l and i n l a n d = was 
adequate t o b r i n g dynamite t o w i t h i n easy reach o f most of t h e hard= 
r o c k m i n i n g d i s t r i c t s where i t was used, 
Tj2B_5h_ipmsnt of Dynamite by Sea 
I f t h e c a r r i a g e o f dynamite by r a i l .was so beset by d i f f i c u l t y 
and by r e s t r i c t i o n s , t hen a t l e a s t t h e r e were fewer problems a s s o c i a t e d 
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w i t h w ater t r a n s p o r t , . The Ardeer f a c t o r y had access t o the s m a l l p o r t 
of I r v i n e f o r t h e shipment of i t s p r o d u c t i o n , , Indeed i t seems c e r t a i n 
t h a t w i t h o u t t h i s o u t l e t t he Ardeer f a c t o r y c o u l d h a r d l y have o p e r a t e d 
a t a l i o E x p o r t cargoes posed few problems; 
"Mr. Dones of t h e f i r m o f Dones, S c o t t & Co 0, S h i p p i n g 
Agents, as t o t h e g r e a t demand f o r these compounds i n A u s t r a l i a , 
t o which c o u n t r y he had s h i p p e d „ „ „ a l a r g e q u a n t i t y of d y n a m i t e , 
and where t h e r e were c o m p a r a t i v e l y no r e s t r i c t i o n s as t o i t s 
t r a n s p o r t , , 0 o" 
And a g a i n , a year l a t e r , an example which w i l l s e r v e t o say some-
t h i n g n o t o n l y o f the s c a l e o f p r o d u c t i o n a t A r d e e r , b u t a l s o something 
of t h e l e v e l of the e x p o r t t r a d e i n e x p l o s i v e s f r o m a major U n i t e d 
Kingdom p o r t a t t h a t time,, 
was made a few days s i n c e j; i t was a cargo of f o r t y t o n s f o r Peel 
and Whitehaven,, The v e s s e l i n which i t was c a r r i e d was i n s u r e d 
f o r 3,000 pounds, the company a l s o p a y i n g t h e sum o f 85 pounds as 
f r e i g h t , p o r t c h a r g e s , p i l o t a g e , e t c . . . 
Host unnecessary e x c i t e m e n t has o c c a s i o n a l l y shown i t s e l f a t I r v i n e 
i n c o n n e c t i o n w i t h t he l o a d i n g of dynamite,, From t h e F i r t h of 
Clyde l a s t month t h e r e were s h i p p e d 189,700 lb„ (86 t o n n e s ) of 
gunpowder, making f o r t h e p a s t n i n e months 1,512,500 l b 0 (665 
t o n n e s ) 0 The amount s h i p p e d f o r the c o r r e s p o n d i n g n i n e months of 
1871 and 1872 was c o n s i d e r a b l y g r e a t e r , b u t whether or n o t t h e 
f a l l i n g o f f of t h e shipment i s due t o the i n c r e a s e d consumption of 
dynamite I am unable t o say,, The t h o u s a n d t h t o n c h a r g e was made a 
few weeks ago, and formed i n t o d y n a m i t e , and worked up i n t o cart=» 
r i d g e s ready f o r b l a s t i n g purposes, i n m i n i n g and q u a r r y i n g o p e r a t i o n s , , " 
Engineering,; 1 2 t h ^ une 1874 
"Shipments of E x p l o s i v e s 0 - Every now and t h e n a l a r g e 
shipment o f dynamite i s made fr o m I r v i n e or f r o m t h e B r i t i s h 
Dynamite Company's works d i r e c t a t A r d e e r 0 The l a s t shipment 
E n g i n e e r i n g s 2 9 t h October 1875 (p„34) 
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DxnajTiite as a R i v a l t o Gunpowder and o t h e r E x p l o s i v e s 
Dnce i n p r o d u c t i o n and f r e e l y a v a i l a b l e , the m e r i t s of dynamite 
were q u i c k l y appreciated,, The f o l l o w i n g w i l l g i v e some i d e a of the 
r a t e a t which dynamite o v e r h a u l e d o t h e r e x p l o s i v e s i n those areas 
where i t d i d o f f e r d i s t i n c t advantages,, The f o l l o w i n g i s a p a r t of 
t h e e v i d e n c e g i v e n by Dr„ Co Le N, F o r e s t ( i n s p e c t o r of t h e Western 
D i s t r i c t s S o m e r s e t s h i r e and D o r s e t ) b e f o r e Ho Ho Commissioners and 
I n s p e c t o r s on M i n i n g A c c i d e n t s and t h e Employment o f E x p l o s i v e s i n 
n i n e s oo„ 1868 - 1881, M i n i n g A c c i d e n t s ID (p„129) 9 2 7 t h May 1879 0 
"4114 0 The use o f dynamite i s n e v e r t h e l e s s v e r y much 
i n c r e a s e d w i t h i n the l a s t y e a r s ? -=• Very much s o 0 I have some 
s t a t i s t i c s on the p o i n t f r o m e i g h t e e n mines d u r i n g t h e l a s t s i x 
y e a r s . These e i g h t e e n mines employ 3,144 persons underground, 
or 38 per c e n t of the persons employed underground i n my d i s t r i c t o 
So t h e y may be t a k e n as a v e r y f a i r r e p r e s e n t a t i o n s , and t h e y 
i n c l u d e a l l my mines 0 And I f i n d f r o m t h e s t a t i s t i c s s u p p l i e d 
t o me by the managers of these mines t h a t i n 1873 those e i g h t e e n 
consumed 19,159 pounds (8„4 t o n n e s ) o f d y n a m i t e , whereas i n 1878 
they employed 88,922 pounds (39 to n n e s ) of d y n a m i t e c The use 
had i n c r e a s e d more t h a n f o u r f o l d i n 1878„ 
4115, And can you g i v e us t h e f i g u r e s w i t h r e f e r e n c e 
t o t h e q u a n t i t i e s of gunpowder and o t h e r e x p l o s i v e s ? = I have 
gunpowder, d y n a m i t e , l i t h o f r a c t e u r , and gun-cotton,, I n 1873 
these 18 mines consumed 217,389 pounds (97 tonnes o f powders 
i n 1874, 225,301 pounds (99 to n n e s ) ? i n 1875, 210,423 pounds 
( 9 2 0 5 t o n n e s ) ; i n 1876, 191,536 pounds (84 tonnes)? i n 1877, 
174,932 pounds (77 tonnes)? i n 1878, 140,869 pounds (62 t o n n e s ) . 
4116o That i s gunpowder? -= Yes, 
4117 0 And o f the o t h e r e x p l o s i v e s ? <= T o n i t e , none used 
u n t i l 1 8 7 5 0 0 o 
4119 0 Then a t p r e s e n t i t i s o n l y dynamite which a t a l l 
r i v a l s t h e gunpowder as an explosive? Yes,,," 
X r i s j i _ U n i v e r s i t y Presss 10 ( M i n i n g A c c i d e n t s ) , B r i t i s h P a r l i a m e n t a r 
Pape_rsj;_ S h _ a n r i o n s _ I r e l a n d , 
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I t can be supposed t h a t as I n s p e c t o r of the Western D i s t r i c t t h e 
w i t n e s s would be c h i e f l y concerned with m e t a l l i f e r o u s m ines 0 
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CHAPTER 12 
PICRIC ACID AMD THE PICRATE EXPLOSIVES 
(1867 - 1B75) 
I n t r o d u c t i o n 
I t has been fou n d d i f f i c u l t t o t r e a t p i c r i c a c i d w i t h o u t 
r e f e r e n c e t o p i c r a t e e x p l o s i v e s ! ; i t has been as d i f f i c u l t . t o d i s c u s s 
p i c r a t e e x p l o s i v e s w i t h o u t f r e q u e n t r e f e r e n c e t o p i c r i c acido Much 
of t h e m a t e r i a l c o n s u l t e d i s common t o bothc The main problem has 
been one of a l l o c a t i n g emphasis,, The use of the p i c r a t e e x p l o s i v e s 
between 1867 and 1885 i s a s m a l l b u t i m p o r t a n t p a r t of t h e h i s t o r y o f 
e x p l o s i v e s o I t i s a d i s t i n c t and d i s c r e t e a r e a , i n many ways an 
i s o l a t e d p a r t , o f t h e h i s t o r y o f t h e i n t r o d u c t i o n o f t h e h i g h explosives., 
P i c r i c a c i d d i d n o t t r u l y come i n t o i t s own u n t i l some t e n years a f t e r 
t h e p e r i o d cf t h e p r e s e n t study,, But t h e s t o r y of i t s development up t o 
and beyond 1875 l i e s b e h i nd t h a t o f t h e p i c r a t e s , because they were 
d e r i v e d f r o m i t 5 and e v e n t u a l l y , whenthe p o t e n t i a l o f p i c r i c a c i d was 
r e a l i s e d , they were r e p l a c e d by t h e i r own p a r e n t e x p l o s i v e 0 P i c r i c 
a c i d w i l l be d i s c u s s e d f i r s t , , 
P i c r i c a c i d was known and used l o n g b e f o r e i t s e x p l o s i v e 
p r o p e r t i e s were suspected,, I t s h i s t o r y as an o r g a n i c d y e - s t u f f cannot 
be d i s c u s s e d f u r t h e r here t h a n t o note t h a t between 1771 when Woulfe 
pr e p a r e d i t by t r e a t i n g s i l k w i t h n i t r i c a c i d and 1843 t h e French 
c h e m i s t , L a u r e n t , p r e p a r e d an i d e n t i c a l substance by n i t r a t i n g t h e i n = 
o r g a n i c substances phenol and d i n i t r o p h e n o l , the compound was re<= 
d i s c o v e r e d s e v e r a l t i m e s 0 
The compound a l s o had a s e p a r a t e i d e n t i t y as a f l a v o u r i n g , , The 
.Eliemica1 Gazette o f 1 s t August 1857 ( p 0 2 4 2 ) c o n t a i n s an a r t i c l e by 
D 0 O t t o i n which i t i s p o i n t e d o u t t h a t Dumoulin had recommended p i c r i c 
a c i d as a s u b s t i t u t e f o r hops 0 The d e t e c t i o n o f t h e i l l i c i t use of 
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p i c r i c a c i d i n beer was a c h i e v e d by l e a v i n g a s t r i p o f w h i t e woolen 
y a r n i n t h e su s p e c t beer f o r t w e n t y - f o u r h o u r s 0 
Thg_Flanufacture of P i c r i c A c i d and t h e P i c r a t e s 
No v e r y s p e c i a l a p p a r a t u s was needed t o make p i c r i c acid„ The 
p r o d u c t i o n o f t h e p i c r a t e s r e q u i r e d o n l y t h e a d d i t i o n of a s i m p l e 
treatment,, The o p e r a t i o n i n b o t h cases eas c o n s i d e r e d t o be g e n e r a l l y 
"safe's The t e c h n o l o g y f o r making p i c r i c a c i d had been worked o u t w e l l 
i n advance o f i t s a p p l i c a t i o n as an e x p l o s i v e because t h e substance had 
l o n g been used as a d y e s t u f f o A l l t h a t was needed was a l a r g e i n c r e a s e 
i n t h e o v e r a l l s c a l e o f the m a n u f a c t u r e . 
D i s a p p o i n t i n g l y l i t t l e d e t a i l of the p r o d u c t i o n process f o l l o w e d 
b e f o r e 1875 can be o f f e r e d h e r e 0 There i s an abundance of m a t e r i a l 
d e a l i n g w i t h t h e manufacture o f a l l the a r o m a t i c hydrocarbons a f t e r 1885 
i n C o l v e r ' s (1918) t e x t 0 Oscar Guttman , who i s u s u a l l y f u l l s o m e i n 
h i s p r o v i s i o n of i l l u s t r a t i v e e n g r a v i n g s , does n o t o f f e r a s i n g l e p l a t e 
i n h i s (1893) e n c y c l o p a e d i c work t o show a n y t h i n g o f t h e manufactures 
Two processes were i n use„ I n both;, because o f t h e a l a r m i n g 
v i o l e n c e o f t h e r e a c t i o n which o c c u r r e d when i t was a t t e m p t e d t o n i t r a t e 
t h e p h e n o l d i r e c t l y , i t was t h e p r a c t i c e t o t r e a t t h e pheno l f i r s t w i t h 
s u l p h u r i c a c i d a l o n e , t o produce p h e n o l - s u l p h u r i c acid„ T h i s o p e r a t i o n 
was c a r r i e d o u t i n i r o n v e s s e l s ; a t t h a t s t a g e t h e r e was no danger of 
t h e s e n s i t i v e f e r r o u s p i c r a t e being formed* The i r o n v e s s e l s were 
f i t t e d w i t h s t i r r i n g gear and heated by means o f steam j a c k e t s o 
S u l p h o n a t i o n was adjudged complete when t h e r e s u l t i n g s y r u p was found 
t o d i s s o l v e f u l l y i n c o l d water-
A n o v e l method of n i t r a t i n g t h e s u l p h o n a t e d p h e n o l i s d e s c r i b e d 
by Guttman 0 Since he s p e c i f i c a l l y p r e f i x e s h i s s i n g l e sentence of 
High E x p l o s i v e s (A Praj^t^c_al_Tr^ea^ise)^, by C a p t a i n E 0 de k/0So Colver 
D r 0 Meto F„C„S 0 e t c . (London, 1 9 1 8 ) 0 
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r e f e r e n c e w i t h t he word ' F o r m e r l y ' , i t might be supposed t h a t he was 
w r i t i n g o f a process t h a t had n o t been i n use f o r a number o f y e a r s . 
" F o r m e r l y n i t r a t i n g was a l s o done i n a n o t h e r manner = 
namely by b r i n g i n g t h e p h e n o l ^ s u l p h u r i c a c i d i n c o n t a c t w i t h 
sodium n i t r a t e , when n i t r i c a c i d was formed,which a t once 
r e a c t e d upon the p h e n o l . I n t h i s process sodium s u l p h a t e was 
o b t a i n e d as a r e s i d u e . . . " 
When t h e manufacture o f p i c r i c a c i d went over t o a l a r g e s c a l e 
a f t e r 1885 the n i t r a t i o n was c a r r i e d o u t d i r e c t l y w i t h n i t r i c acid„ 
The s u l p h o n a t e d phenol was c o o l e d , d i l u t e d w i t h t w i c e i t s volume of 
w a t e r , and a l l o w e d t o r u n s l o w l y i n t o earthenware v e s s e l s charged w i t h 
n i t r i c a c i d of 1.400 s p e c i f i c g r a v i t y , , The r e a c t i o n which accompanies 
t h i s s t a g e was s a i d by Guttman s t i l l t o be very v i o l e n t , g i v i n g r i s e t o 
g r e a t q u a n t i t i e s of n i t r i c a c i d vapour. 
The process was n o t a b l y economical because waste a c i d s which had 
a l r e a d y been used f o r t h e n i t r a t i o n of c o t t o n or g l y c e r i n e c o u l d be 
used f o r the n i t r a t i o n o f phenol w i t h o u t p r o d u c i n g an i n f e r i o r product,, 
The p u r i f i c a t i o n o f t h e n i t r a t e d phenol was ac h i e v e d by a process 
of s u c c e s s i v e r e - = c r y s t a l l i s a t i o n < , The i n s o l u b i l i t y o f p i c r i c a c i d i n 
c o l d w a t e r , and i t s s o l u b i l i t y i n h o t w a t e r , made t h i s a r e l a t i v e l y 
s i m p l e processo 
The manufacture of t h e p r i n c i p a l l y used p i c r a t e s was a l s o a cheap 
and easy p r o c e s s . Potassium p i c r a t e was made by a d d i n g p i c r i c a c i d 
d i s s o l v e d i n h o t water t o a h o t s o l u t i o n o f po t a s s i u m c a r b o n a t e . The 
y e l l o w c r y s t a l s o f p o t a s s i u m p i c r a t e s e p a r a t e d o u t on c o o l i n g . Ammonium 
p i c r a t e , t h e p i c r a t e adopted f o r use w i t h t he B r i t i s h s e r v i c e s because of 
i t s s t a b i l i t y , was made by t r e a t i n g p i c r i c a c i d i n h o t s o l u t i o n w i t h con-
c e n t r a t e d ammonia s o l u t i o n . 
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Th_e_Li m i t a t i o n s o f P i c r i c E x p l o s i v e s 
From t h e beginnings, e x p l o s i v e s based upon p i c r i c a c i d were 
r e c o g n i s e d as h a v i n g l i t t l e c i v i l i a n a p p l i c a t i o n 0 The reason f o r 
t h i s severe l i m i t a t i o n l a y i n t h e c h e m i c a l c o n s t i t u t i o n o f p i c r i c a c i d . 
The known d e f i c i e n c y of oxygen produced a r e a c t i o n d u r i n g i t s e x p l o s i o n 
w h i c h gave o f f q u a n t i t i e s of c a r b o n monoxide, o x i d e s of n i t r o g e n , and 
h y d r o c y a n i c a c i d 0 I n a d d i t i o n , and most p a r t i c u l a r l y when i n l a t e r 
y e a r s p i c r i c a c i d was used a l o n e , t h e r e o f t e n remained a f t e r an e x p l o s i o n 
much heavy y e l l o w c o l o u r e d vapour — unconsumed p i c r i c a c i d •= which tended 
t o hang on s t i l l a i r f o r a l o n g t i m e a f t e r w a r d s 0 Major 3 0R. C u n d i l l , 
w r i t i n g of t h e year 1889, d e s c r i b e s how some French s o l d i e r s who had 
been s e t t o d i g g i n g s h e l l f r a g m e n t s o u t of the ground were poisoned by 
p i c r i c a c i d vapour r e m a i n i n g i n t h e c a m o u f l e t l e f t by t h e e x p l o s i o n o f 
t h e b u r s t i n g charge. Such e x p l o s i v e s c l e a r l y c o u l d n o t be used i n 
m i n i n g or i n c i v i l e n g i n e e r i n g . 
The p h y s i o l o g i c a l e f f e c t s o f exposure t o p i c r i c a c i d - a s t a i n i n g 
of the s k i n and o f t e n a d e r m a t i t i s - must have been w e l l known from an 
o b s e r v a t i o n o f t h e c o m p l a i n t s o f w o r k e r s i n dye f a c t o r i e s l o n g b e f o r e 
t h e compound was used as an e x p l o s i v e . 
The p i c r i c a c i d based e x p l o s i v e s had no s p e c i a l q u a l i t i e s which 
m i g h t have a t t r a c t e d commercial i n t e r e s t . By the mid 1860's t h e r e were 
many o t h e r e x p l o s i v e s i n p r o d u c t i o n and b e i n g marketed by companies t h a t 
had a l r e a d y t a k e n t h e f i r s t s t e p s towards becoming c a r t e l s . Messrs. 
Curtis & Harvey i s perhaps t h e b e s t example o f t h i s . Much c a p i t a l was 
a l r e a d y i n v e s t e d i n e x p l o s i v e s m a n u f a c t u r e . P i c r i c e x p l o s i v e s would 
have had t o have been launched a g a i n s t v e r y s t r o n g market c o m p e t i t i o n . 
The American C i v i l War had c r e a t e d a demand which had l e d t o an over= 
p r o d u c t i o n o f e x p l o s i v e s , p a r t i c u l a r l y of blackpowder, which was t o l e a v e 
*A D i c t i o n a r y o f E x p l o s i v e s , by Major 3.P. C u n d i l l , H.frl. I n s p e c t o r of 
E x p l o s i v e s (London, .1893). 
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a s u r p l u s which was not t o be d i s p e r s e d f r o m a l m o s t f i f t e e n y e ars 
a f t e r w a r d s o 
P i c r i c E x p l o s i v e s i n M i l i t a r y Use 
The l i m i t a t i o n s t o t h e use o f p i c r i c e x p l o s i v e s i n c i v i l i a n 
works would a p p l y e q u a l l y t o cognate m i l i t a r y o p e r a t i o n s - t o m i l i t a r y 
m i n i n g and d e m o l i t i o n s . . 
There thus remained an e x t r e m e l y narrow f i e l d of p o s s i b l e use 
f o r t he new p i c r i c e x p l o s i v e s when they were i n t r o d u c e d . , There had, 
however, been a c u r i o u s l y n e a t c o l l o c a t i o n of i n v e n t i o n and m i l i t a r y 
need which was t o p r o v i d e a q u i t e s p e c i f i c use f o r these e x p l o s i v e s , 
Armstrong had i n t r o d u c e d h i s b r e e c h - l o a d i n g , r i f l e d , f i e l d g u n i n 
1 8 6 1 0 T h i s a l l o w e d f o r r a p i d r a t e s of f i r e and f o r a g r e a t e x t e n s i o n 
of b o t h range and accuracy,, To make optimum use o f t h i s i n v e n t i o n an 
e f f i c i e n t e x p l o s i v e s h e l l was needed,, 
There are c e r t a i n e s s e n t i a l r e q u i r e m e n t s f o r a s a t i s f a c t o r y 
b u r s t i n g charge f o r s h e l l s 0 And t h i s was very w e l l u n d e r s t o o d a t t h e 
t i m e 0 The p i c r a t e powders had j u s t t h e q u a l i t i e s r e q u i r e d and were thus 
a b l e t o f i l l a p e c u l i a r t e c h n o l o g i c a l n i c h e f o r a number of years,, 
The s h e l l = f i l l i n g had t o be p o w e r f u l = b u t n o t t o o r a p i d i n i t s 
a c t i o n , , An a r t i c l e i n t h e French j o u r n a l , J u J U j ^ t i n Mensuel, which was 
p u b l i s h e d i n t r a n s l a t i o n i n The Engineer o f 2 6 t h January 1872 (p„55) 
shows an a p p r e c i a t i o n o f t h e problem. The a r t i c l e f r o m which t h e 
i n f o r m a t i o n comes d e s c r i b e s t h e s h i f t made by t h e a u t h o r i t i e s i n t h e 
besieged c i t y of P a r i s t o p r o v i d e t h e i r f o r c e s w i t h e x p l o s i v e s d u r i n g 
t h e war o f 1B70~71„ 
"There are two p r i n c i p a l c o n d i t i o n s a t t a c h e d t o t h e 
b u r s t i n g o f a s h e l l , t h e f u l f i l m e n t o f which can a l o n e ensure 
i t s success i n a d e s t r u c t i v e p o i n t of views one i s t h a t the 
s h e l l s h o u l d be s h a t t e r e d i n t o as many f r a g m e n t s as p o s s i b l e , and 
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the o t h e r i s t h a t those s h o u l d be s c a t t e r e d i n e v ery d i r e c t i o n 
t o as g r e a t a d i s t a n c e as t h e charge w i l l a l l o i i i o . o " 
The p r o p o r t i o n of t h e volume o f a s h e l l p r o j e c t i l e which can be 
f i l l e d w i t h e x p l o s i v e i s l i m i t e d , n o t by w e i g h t , f o r an i n c r e a s e i n 
w e i g h t i n a s h e l l w i t h o u t an i n c r e a s e i n volume would be accounted an 
advantage, b u t r a t h e r by t h e power o f t h e e x p l o s i v e being used as a 
b u r s t i n g c h a r g e . Only so much e x p l o s i v e can be packed i n t o the s h e l l , , 
Too much of t h e s h e l l ' s volume devoted t o t h e b u r s t i n g charge would have 
t o be p a i d f o r by h a v i n g a l e s s dense s h e l l which would n o t f l y so f a r 
nor so a c c u r a t e l y as one t h a t i s more compact,, Gunpowder was t o o weak 
an e x p l o s i v e t o be e f f i c i e n t as a b u r s t i n g charge! g u n - c o t t o n was 
p o w e r f u l b u t n o t s u f f i c i e n t l y i n s e n s i t i v e , i t was a l s o t o o sudden i n i t s 
a c t i o n ^ dynamite was a l s o t o o sudden and o f course too sensitive„ The 
p i c r a t e e x p l o s i v e s and p i c r i c a c i d were t h e best a v a i l a b l e e x p l o s i v e s 
f o r s h e l l f i l l i n g 0 
The Long Delay i n d i s c o v e r i n g P i c r i c A c i d ' s E x p l o s i v e QueLlijties, 
I t was u n d o u b t e d l y t h e e x t r e m e l y s t a b l e n a t u r e of p i c r i c a c i d 
which made i t more t h a n u s u a l l y l i k e l y t h a t i t s e x p l o s i v e p r o p e r t i e s 
would have been d i s c o v e r e d u n t i l t h e o r e t i c a l c h e m i s t r y had advanced 
s u f f i c i e n t l y f a r f o r t h e compound's e x p l o s i v e p o t e n t i a l t o be i n d i c a t e d , 
a l m o s t as a ' s o l u t i o n by i n s p e c t i o n ' , by someone n o t i c i n g t h e s i m i l a r i t y 
between i t s f o r m u l a and those of o t h e r known explosives,, 
Had the d i s c o v e r y of p i c r i c a c i d ' s p r o p e r t i e s t o have w a i t e d upon 
t h e o c c u r r e n c e o f an u n l i k e l y a c c i d e n t t h e y would n o t have been d i s c o v e r e d 
u n t i l 1887 0 On 22nd Dune o f t h a t year t h e r e was a d e v a s t a t i n g b l a s t a t 
t h e f a c t o r y o f Messrs <> Roberts & D a l e , a t Cornbrook near Manchester,, 
The i n v e s t i g a t i n g committee under C o l o n e l V<, Majendie was a b l e t o show 
t h a t m o l t e n p i c r i c a c i d had d e t o n a t e d when i t had come i n t o c o n t a c t w i t h 
l i t h a r g e 0 
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E x a c t l y when and by whom t h e e x p l o s i v e n a t u r e of p i c r i c a c i d was 
d i s c o v e r e d = or even f u l l y s u s p e c t e d <= i s u n c e r t a i n , , Some main 
a r t i c u l a t i o n s f o r t h e s t o r y can, however, be p o s i t e d 0 
L a u r e n t p u t f o r w a r d a f o r m u l a f o r p i c r i c a c i d i n 1843 0 But i t 
i s observed t h a t i n 1843 none of t h e o t h e r h i g h e x p l o s i v e s were 
g e n e r a l l y known; t h e r e was, t h e r e f o r e , l i t t l e o p p o r t u n i t y f o r making 
comparisons between f o r m u l a e , and hence f o r making i n d u c t i v e l e a p s 
towards p r e d i c t i o n s about t h e compound's behaviour,, 
At some t i m e between 1843 and 1869 t h e s i m i l a r i t i e s between t h e 
m o l e c u l a r s t r u c t u r e o f p i c r i c a c i d and t h a t of o t h e r compounds was 
n o t i c e d o This i s t h e area o f most u n c e r t a i n t y , , 
I t i s here p o i n t e d o u t t h a t p i c r i c a c i d , more t h a n any o f the 
o t h e r h i g h e x p l o s i v e s coming i n t o use d u r i n g the m i d d l e p a r t of t h e 
c e n t u r y , depended a b s o l u t e l y upon t h e i n v e n t i o n of t h e mercury f u l m i n a t e 
d e t o n a t i n g c a p 0 Both g u n = c o t t o n and n i t r o g l y c e r i n e were used f o r some 
yea r s w i t h o u t t h e f u l m i n a t e detonator,, I t s i n t r o d u c t i o n made a w o r k i n g 
p r a c t i c e v e r y much more e f f i c i e n t ; i t was n o t a necessary c o n d i t i o n f o r 
t h e i r u s e 0 W i t h o u t mercury f u l m i n a t e , p i c r i c a c i d m i g h t l o n g have been 
c o n s i d e r e d a c h e m i c a l c u r i o s i t y % i t s f o r m u l a g i v i n g r i s e t o an e x p e c t a t i o n 
t h a t i t would be a p o w e r f u l e x p l o s i v e , i t s m a n i f e s t b e h a v i o u r p r e s e n t i n g 
a d i s a p p o i n t i n g f a i l u r e t o r e a c t i n t h e wqy e x p e c t e d . 
The magazine E n g i n e e r i n g f o r 9 t h A p r i l 1869 (p„242) p r o v i d e s t h e 
f i r s t r e f e r e n c e f o u n d f o r t h i s s t u d y which makes e x t e n s i v e mention of 
p i c r i c acid,, The o c c a s i o n f o r t h e a r t i c l e was s a i d t o be the then 
r e c e n t d i s a s t e r of a s e r i o u s e x p l o s i o n i n P a r i s 0 The e x p l o s i v e 
concerned had been F o n t a i n e ' s powder, a m i x t u r e of p i c r a t e o f potassium 
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and p o t a s s i u m c h l o r a t e , n o t p i c r i c a c i d . But the main v a l u e o f t h e 
EngJ^nj^rJ^ip^, 2 7 t h October 1871 ( p 0 2 6 2 ) 
-308= 
a r t i c l e l i e s i n t h e f o l l o w i n g ; 
" L a u r e n t who proved i t ( p i c r i c a c i d ) t o be c a r b o l i c 
a c i d i n which t h r e e atoms of hydrogen have been r e p l a c e d by 
t h r e e atoms of t h e group number 2„ T h i s c o n s t i t u t i o n a t once 
e x p l a i n s t h e explosive c h a r a c t e r of t h e a c i d and i t s s a l t s . I t 
w i l l be seen t h a t t h e oxygen, of which t h e r e i s a l a r g e q u a n t i t y , 
i s n e a r l y a l l combined w i t h n i t r o g e n . Now compounds of oxygen 
and n i t r o g e n are v e r y e a s i l y decomposed, e s p e c i a l l y i n the presence 
of substances h a v i n g a v e r y p o w e r f u l a t t r a c t i o n f o r oxygen, such as 
c a rbon and nitrogen,„ 0" 
The a r t i c l e r e v e a l s something of t h e s t a t e of c h e m i c a l knowledge i n 
1869, The s i g n i f i c a n t s t a t e m e n t i n t h e a r t i c l e i s ; 
" T h i s c o n s t i t u t i o n a t once e x p l a i n s t h e e x p l o s i v e c h a r a c t e r 
o f the i a c i d and i t s s a l t s , " 
So i n 1869 the e x p l o s i v e n a t u r e of t h e pure p i c r i c a c i d was known 
by a t l e a s t one w r i t e r . And y e t f u l l y two y ears l a t e r , i n 1871, the man 
who was r e s p o n s i b l e f o r t h e s u c c e s s f u l development o f ammonium p i c r a t e 
e x p l o s i v e s , F r e d e r i c k Augustus Abel, was t o s t a t e i n t h e Chj3_mical News 
f o r 1 5 t h September 1871 ( p , 1 5 0 ) g i n an a r t i c l e much p u b l i s h e d and quoted 
elsewhere s 
"The a c i d i t s e l f does not e x p l o d e , but burns q u i c k l y 
w i t h a b r . i r h t flames i t s s a l t s a r e a l l more or l e s s p o w e r f u l l y 
e x p l o s i v e and d e t o n a t e when struck,, „ 0" 
On Recent I n v e s t i g a t i o n s and 
A p p l i c a t i o n s of E x p l o s i v e Agents 
by FoAo A b e l , FoR,S„ 
That same y e a r , Or, Herman S p r e n g e l , F,R,S„ i s s a i d t o have 
d e t o n a t e d a charge o f pure p i c r i c a c i d a t t h e f a c t o r y o f Messrs,, H a l l 
and Sons, a t Stowemarket, He was n o t encouraged t o c o n t i n u e h i s work 
by any s u p p o r t f r o m the Ordnance Department, 
I n t h e s p e c i f i c a t i o n of one of h i s p a t e n t s 
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( P r o b a b l y ) E n g l i s h p a t e n t N o „ 2 6 4 2 o f 5 o l 0 o 7 1 , S p r e n g l e s t a t e s , though 
a p p a r e n t l y as an a f t e r t h o u g h t t o engross t h e compound w i t h i n h i s 
s p e c i f i c a t i o n , f o r i t r e l a t e s s e n s i b l y i n no way t o t h e r e s t of t h e t e x t , 
' I a l s o use p i c r i c a c i d ' 0 
To quote much f r o m t h e work of Herman Sprengel would be t o a n t i c i p a t e 
a l a t e r s e c t i o n , b u t t h e f o l l o w i n g i s f e l t t o be more e s p e c i a l l y r e l e v a n t 
t o t he p r e s e n t t o p i c D 
" I t i s noted here t h a t p i c r i c a c i d alone c o n t a i n s a 
s u f f i c i e n t q u a n t i t y o f a v a i l a b l e oxygen w i t h o u t the a d d i t i o n o f any 
f o r e i g n oxygen c a r r i e r f o r i t t o be an e x t r e m e l y p o w e r f u l e x p l o s i v e , 
p r o v i d e d i t i s i g n i t e d by means of a d e t o n a t o r ! on e x p l o s i o n 
p r a c t i c a l l y no smoke i s d e v e l o p e d , " 
I t may have been t h i s d e f i c i e n c y o f oxygen atoms i n the deduced 
s t r u c t u r e of p i c r i c a c i d which l e d some w o r k e r s , n o t a b l y F 0A 0 A b e l , t o 
suppose t h a t t he d e f i c i e n c y was such as t o p r e c l u d e an e x p l o s i v e r e a c t i o n 0 
There i s a s m a l l d i s a g r e e m e n t over t h e primacy of d i s c o v e r y of 
p i c r i c a c i d ' s s u s c e p t i b i l i t y t o d e t o n a t i o n , , C o l v e r ( 1 9 1 8 ) comments on 
an a s s e r t i o n made by D a n i e l i n h i s work, D i c t i o n a i r e des M a t i e r e s Explosives^, 
P a r i s 1 9 0 2 , t h a t S p r e n g l e ' s work was p u r e l y t h e o r e t i c a l , and t h a t t he 
a c t u a l d i s c o v e r e r was t h e Frenchman, Eugene Turpin„ No evide n c e f o r 
e i t h e r view i s o f f e r e d here e x c e p t t o comment upon Sprengle's own wordss 
' p r a c t i c a l l y no smoke i s developed'„ 
Now, a l l sources c o n s u l t e d have remarked upon t h e smoke which i s 
e v o l v e d d u r i n g t h e e x p l o s i o n o f pure p i c r i c acid„ The e x p l a n a t i o n may be 
t h a t , as Sprengle h i m s e l f o b s e r v e s , a d e t o n a t o r was e s s e n t i a l , , I f S p r e n g e l 
had used a s u b s t a n t i a l d e t o n a t o r w i t h a r e l a t i v e l y s m a l l charge o f p i c r i c 
a c i d t h e r e s u l t may have been a v e r y t h o r o u g h r e a c t i o n which e n t i r e l y 
consumed any smoke or Vapour,, 
( C o l v e r ( 1 9 1 8 ) d a t e s t h e p a t e n t 2 o l 0 o 7 1 f C u n d i l l dates i t 5 o 1 0 o 7 1 o 
The d i f f e r e n c e i s p r o b a b l y t r i v i a l b u t i t i s r e c o r d e d ) 0 
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Where Sprengle c o u l d have come upon h i s d i s c o v e r y t h a t pure p i c r i c 
a c i d was s u s c e p t i b l e t o d e t o n a t i o n was d u r i n g t h e work which l e d up t o 
t h e p u b l i c a t i o n of h i s 1873 p a p e r Q I f he had been, w h i l e w o r k i n g a t 
H a l l & Sons 9 f a c t o r y i n 1871, making a s y s t e m a t i c e x a m i n a t i o n o f the 
r e a c t i o n s of v a r i o u s hydrocarbons w i t h v a r i o u s o x i d i s i n g a g e n t s , i t i s 
r e a s o n a b l e t o suppose t h a t he m i g h t have s t u d i e d t h e e f f e c t s o f inc-
r e a s i n g l y g r e a t e r p r o p o r t i o n s of t h e o x i d i s i n g agents — s t a r t i n g , f o r 
t h e sake o f e x p e r i m e n t a l r i g o u r , w i t h a sample which c o n t a i n e d no 
o x i d i s i n g a g e n t a t a l l . 
The w o r s t t h a t S p r e n g e l may have been g u i l t y of was making a 
g e n e r a l s t a t e m e n t about a phenomenon he had o b s e r v e d , perhaps, o n l y on 
a s i n g l e occasion,, 
The g e n e r a l r e c o g n i t i o n t h a t p i c r i c a c i d c o u l d be used a l o n e i n 
i t s pure s t a t e w i t h o u t the a d d i t i o n of o x i d i s i n g agents d i d n o t come 
u n t i l 1885 when Eugene T u r p i n t o o k o u t B r i t i s h p a t e n t No„15,089 o I n 
i t s e v e n t u a l and most e f f i c i e n t f o r m p i c r i c a c i d was melted and c a s t i n t o 
v a r n i s h e d s h e l l c a s i n g s . The i n h e r e n t i n s e n s i t i v i t y of t h e compound was 
overcome by i n t e r p o s i n g a b o o s t e r of powdered p i c r i c a c i d between the 
s o l i d mass of t h e main charge and t h e f u l m i n a t e c a p 0 
An E a r l y P i c r i c A c i d Powder 
An e x p l o s i v e suggested by B o r l e t t i n o i n France, d u r i n g or some 
l i t t l e t i m e b e f o r e 1869, c o n s t i t u t e s a s i n g l e i n s t a n c e o f p i c r i c a c i d 
b e i n g used i n a m i x t u r e w i t h o x i d i s i n g agents p r i o r t o t h e d i s c o v e r y 
of S p r e n g e l E x p l o s i v e s i n 1873„ No r e f e r e n c e t o any p a r a l l e l i n s t a n c e 
i n U,K, p r a c t i c e has been found i n any source c o n s u l t e d . 
The e x p l o s i v e i s o f t e n mentioned i n g e n e r a l works on e x p l o s i v e s , 
b u t t h e r e would appear t o be a l a c k o f any c e r t a i n knowledge o f i t s 
a c t u a l composition,, C u n d i l l (1893) s t a t e s t h a t B o r l i n e t t o used t e n 
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p a r t s o f pure p i c r i c a c i d , t e n p a r t s o f sodium n i t r a t e , and e i g h t and 
one h a l f p a r t s o f cjnrjimate o f j p j ^ a j ^ _ i ^ j m j C o l v e r (1918) g i v e s t h e same 
f o r m u l a w i t h r e s p e c t t o the p i c r i c a c i d and t h e sodium n i t r a t e but has 
i t t h a t B o r l i n e t t o used c h l o r a t e o f potassium., Both men were con-
s i d e r a b l e a u t h o r i t i e s i n t h e i r t i m e s so i t i s u n l i k e l y t h a t t h e y were 
unable t o d e t e c t g l a r i n g e r r o r s i n t h e i n f o r m a t i o n t h e y used i n c o m p i l i n g 
t h e i r works,, I t i s a l l o w e d t h a t c h l o r a t e and chromate m i g h t be m istaken 
i n t h e t r a n s p o s i t i o n f r o m h a n d w r i t i n g t o t y p e . I n t h e f o r m u l a g i v e n by 
C o l v e r , i t seems u n l i k e l y t h a t a d o u b l e p r o p o r t i o n of o x i d i s i n g agents 
would have been used •= sodium n i t r a t e and potassium c h l o r a t e would have 
g i v e n r i s e t o an excess of oxygen,, C u n d i l l ' s a s s e r t i o n t h a t e i g h t and 
one h a l f p a r t s o f chromate of p o t a s s i u m has i n i t s f a v o u r t h e more c e r t a i n 
f a c t t h a t v a r i o u s chromates were used l a t e r i n the c e n t u r y when 
t r i n i t r o t o l u e n e e x p l o s i v e s came i n t o wide use„ The p r i n c i p a l source f o r 
C u n d i l l ' s e n t r i e s c o n c e r n i n g c o n t i n e n t a l e x p l o s i v e s was D e s o r t i a u x ' 
t r a n s l a t i o n o f the works of Drs„ 0 o Upmann and E„ von Meyers T r a i t e sur 
l a p o u r e 0 l e c o rps e x p l o s i v e s , e t l a p y r o t e c h n i e 0 T h i s work may have 
been more a u t h o r i t a t i v e on C o n t i n e n t a l p r a c t i c e , , 
Ammo n i urn_Pi c ra_ti3 
F r e d e r i c k Augustus A b e l , F 0RoS 0 was t h e c h e m i s t most a c t i v e i n 
d e v e l o p i n g the use of t h i s e x p l o s i v e f o r m i l i t a r y purposes, Abel 
i n v e n t e d a m i x t u r e of ammonium p i c r a t e and p o t a ssium n i t r a t e i n t h e 
p r o p o r t i o n s o f 60s 40 t o which he gave the name ' p i c r i c powder'. I t 
was i n t h i s f o r m = so f a r as can be d i s c o v e r e d , a l o n e «= t h a t ammonium 
p i c r a t e was employed i n the B r i t i s h s e r v i c e s , , 
A b el d e s c r i b e s h i s i n v e n t i o n i n t h e j o u r n a l Chemical News f o r 
1 5 t h September 1871 (p„150) o As t h e i n v e n t o r he had r e a s o n a b l e cause 
t o be e n t h u s i a s t i c about h i s p i c r i c powder. His d e s c r i p t i o n of i t s 
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q u a l i t i e s a r e a l m o s t l y r i c a l o And, when t h e p r o p e r t i e s and l i m i t a t i o n s 
o f a l l the o t h e r e x p l o s i v e s a v a i l a b l e a t t h a t t i m e a re r e v i e w e d , i t might 
w e l l be a l l o w e d t h a t Abel's p i c r a t e powder answered i t s s p e c i a l purpose 
v e r y w e l l o 
"The p i c r i c compound may be r e a d i l y p r e p a r e d on a l a r g e 
s c a l e coo when heated over a flame i t f u s e s , sublimes,and burns 
w i t h o u t any tendency t o explosion,, „ 0 i t i s d i f f i c u l t t o o b t a i n 
e vidence o f d e t o n a t i o n when the ammonium s a l t i s s t r u c k s h a r p l y 
and r e p e a t e d l y o o o e x h i b i t s no tendency towqrds i g n i t i o n when sub= 
m i t t e d t o very severe f r i c t i o n 0 o » i s q u i t e e q u a l i n permanence 
t o gunpowder „«„ may s a f e l y be s u b m i t t e d t o t h e p r e s s i n g and 
g r a n u l a t i n g process 0 „ o t h e c o s t o f the p i c r i c a c i d , when compared 
t o i t s powder, i s n o t c o n s i d e r a b l e , " 
On Abel's a s s e r t i o n about t h e c o s t , t h e r e i s a c l e a r c o n t r a d i c t i o n 
by C u n d i l l s ' I t i s s t a b l e , s a f e t o manufacture and h a n d l e , b u t r a t h e r 
expensive,, ' He i s r e f e r r i n g t o Brugere's Powder which was v i r t u a l l y 
i d e n t i c a l t o Abel's p i c r i c powder,, 
To be e f f i c i e n t as a s h e l l = f i l l i n g an e x p l o s i v e had t o be a b l e t o 
w i t h s t a n d t h e heat and t h e sudden shock of the p r o p e l l i n g charge and_ 
the immediate i m p a c t o f s t r i k i n g t he t a r g e t , , I n an account of 
e x p e r i m e n t s c a r r i e d o u t a t Shoeburyness d u r i n g Dune of 1871, i t i s 
s t a t e d t h a t he (F„A 0 A b e l ) had used a 49 lb„ (19„3 kg) ' b a t t e r i n g 
c h a r g e ' i n a n i n e i n c h (23 cm„) c a l i b r e gun„ A b a t t e r i n g charge was 
th e heavy p r o p e l l i n g charge used t o a t t a i n t he maximum impact when a 
s h e l l s t r u c k home. I t was u s u a l l y employed a g a i n s t s t a n d i n g f o r t i f i c a = 
t i o n s , , T h i s i n d i c a t e s t h a t Abel was t e s t i n g t h e r e s i s t a n c e o f ammonium 
p i c r a t e ( p i c r i c powder) t o premature e x p l o s i o n i n the b a r r e l o f the g u n Q 
Ammonium p i c r a t e , i n i t s p i c r i c powder f o r m , was a v a i l a b l e as a s h e l l = 
f i l l i n g e x p l o s i v e t o B r i t i s h a r t i l l e r y and n a v a l ordnance f r o m about 1870 
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u n t i l beyond 1885 0 I t was, however, a time of g e n e r a l peace,, P i c r i c 
powder may i n r e a l i t y have seen very l i t t l e a c t u a l use a t a l l d u r i n g 
t h o s e years,. 
Potassium P i c r a t e 
E x p l o s i v e s based upon p o t a s s i u m p i c r a t e were n o t adopted f o r any 
purpose a t a l l i n t h e U n i t e d Kingdom,, Some use was f o r a t i m e made o f 
po t a s s i u m p i c r a t e i n t h e French s e r v i c e s , i n t h e fo r m o f D e s i g n o l l e ' s 
Powder* But t h i s was abandoned because of the i n s t a b i l i t y o f t h e 
mixture,, D e s i g n o l l e ' s e x p l o s i v e c o n t a i n e d p o t a s s i u m chlorate as an 
o x i d i s i n g agento 
The o n l y r e f e r e n c e t o a po t a s s i u m p i c r a t e found comes f r o m an 
a r t i c l e which appeared i n t h e Magazine E n g i n e e r i n g f o r 9 t h A p r i l , , 1869 
(p„242) 0 
"The f i r s t t o make p r a c t i c a l a p p l i c a t i o n o f t h i s p r o p e r t y 
o f p i c r i t e o f po t a s s i u m was Fir. U l h i t w o r t h who used t h e s a l t t o 
f i l l s h e l l s t o be d i r e c t e d a g a i n s t the armour p l a t i n g o f s h i p s 0 " 
The p i c r a t e s were, t h e n , e a r l y i n use as a p a r t o f the p r o j e c t i l e 
v e r s u s armour p l a t e c o m p e t i t i o n which went on u n t i l t h e 1930's of t h e 
p r e s e n t c d n t u r y 0 
The S p e c i a l P o s i t i o n of P i c r i c A c i d 
P i c r i c a c i d s t a n d s i n a s p e c i a l p o s i t i o n i n t h e h i s t o r y of the 
m i l i t a r y use of e x p l o s i v e s 0 Phenol was t h e f i r s t m a t e r i a l which c o u l d 
be used t o make a cheap, s t a b l e , s o l i d , h i g h e x p l o s i v e f o r which t h e r e 
was a s u p p l y of t h e primei m a t e r i a l w i t h o u t a c t i v e l i m i t , , J j L i ^ j L 
i n o r g a n i c o A l l t h e o t h e r m a t e r i a l s which had beon used t o make 
e x p l o s i v e s b e f o r e p h e n o l •= c o t t o n , g l y c e r i n , s t a r c h , and t h e l i k e = 
were s u b j e c t t o a 'guns or b u t t e r ' l i m i t a t i o n , , Organic m a t e r i a l s had 
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a l t e r n a t e uses which were pressing and immediate,, The supply was un= 
p r e d i c t a b l e f o r more than a year aheadj i t depended upon the a l l o c a t i o n 
of the l i m i t e d areas of c u l t i v a b l e s o i l 0 But the use of phenol made no 
inroads i n t o the supply of food and c l o t h i n g of the c i v i l population,, 
The s o l u t i o n of the problems associated w i t h the large scale production 
of s u l p h u r i c acid and n i t r a t e s which was to be found by the t u r n of the 
century would have bean of no a v a i l without the u t i l i s a t i o n of the i n -
organic hydrocarbons derived from coal„ Phenol was the f i r s t of these 
to be used f o r making explosives,, P i c r i c acid made the sustained 
a r t i l l e r y barrage of explosive s h e l l s possible,, 
Motes 
lo The magazine Engineering f o r 16th February 1872 contains an 
a r t i c l e which describes work done by Leygue and Champion i n France 
Experiment showed t h a t p i c r a t e s were, i n general, b e t t e r able to with= 
stand heat than e i t h e r mercury fulminate or mixtures of c h l o r a t e and 
sulphurs 315° Co - to = 380° f o r p i c r a t e s against 200° f o r the fulminate 
and the c h l o r a t e mixture,, 
2 0 There can be few explosives which have been known by so many 
d i f f e r e n t names as p i c r i c acids 
t r i n i t r o p h e n o l 9 t r i n i t r o = c a r b o l i c 9 carbazotic a c i d , p i c r a n z i c 
a c i d , c r y s o l e p t i c a c i d , and, i n l a t e r years when a more d e s c r i p t i v e 
nomenclature had bean worked out, tri~nitrohydroxyl~benzine„ 
3o The r e s i n from which p i c r i c acid was said t o have been made 
before i t was discovered t h a t i t could be made from phenol i s i n some 
places rendered as Xanthorjc-hea j n a s t i l l s ^ i n others as Xanjthorrhea s a x t i l i s 0 
4 0 The a r t i c l e which appeared i n the j o u r n a l Engineering of 
9th A p r i l 1869, and which has been so u s e f u l i n compiling t h i s s e c t i o n B 
a t t r i b u t e s the contents of the a r t i c l e to Lanceto A most c a r e f u l 
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survey of Lancet f o r the f i v e years preceding 1869 has f a i l e d to t u r n 




THE SPRENGEL EXPLOSIVES 
(1B73 ~ 1875) 
Explosives compounded upon the p r i n c i p l e s put forward by 
Dr„ Herman Sprengel, FaR.So i n his patents, B r i t i s h patent l\lo„921 
of 6th A p r i l 1871 and l\lo02642 of 5th October 1871, have received 
more general a t t e n t i o n than t h e i r r e a l c o n t r i b u t i o n m e r i t s 0 
Sprengel explosives are almost i n v a r i a b l y mentioned i n a r t i c l e s 
o f f e r i n g to cover the t o p i c of 'Explosives' i n general^, those a r t i c l e s 
of the kind which can be found i n t e c h n i c a l d i c t i o n a r i e s and encyclopedias 
of any date from the seventies of l a s t century up to the present,, The 
contents of such a r t i c l e s are so remarkably a l i k e , so l i m i t e d i n e x t e n t , 
t h a t i t i s hard not to suspect t h a t the m a t e r i a l has been derived 
d i r e c t l y from a s i n g l e source, And, i n researching the sources f o r 
t h i s p a r t i c u l a r t o p i c , t h i s has been found to be the case,, The s i n g l e 
and most extensive account of Sprengel's work w i t h explosive substances 
i s h i s own papers "XXXII •= On a New Class of Explosives which are l\lon° 
exj31 osive during t h e i r Manufacture;, Storage snd Transjport (p 0797 et seq), 
which was read before the Chemical Society and published i n the J o C S . 
f o r August and September of 1873„ 
The 1873 paper was a the s i s of chemical f i n d i n g s as much as an 
announcement of discoveries i n explosives technology,, 
Sprengel's "Table 
The f u l l extent of Sprengel's experiments with explosives i s best 
demonstrated by r e f e r r i n g to the table of compounds which he included i n 
his paper,, This t a b l e , as can be seen, was designed to provide a 
survey of what Sprengel termed 'oxygen compounds' and to show the 
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t h e o r e t i c a l t o t a l p r o p o r t i o n of oxygen i n a given compounds, followed 
by an est i m a t i o n of the q u a n t i t y of t h a t p r o p o r t i o n which was capable 
of being released f o r explosive i n t e r a c t i o n , , 
Name Formula Tot a l 0 Available 0 
i n 100 i n 100 
Peroxide of hydrogen H2°2 94„1 47,0 
Water H20 88„8 
N i t r i c Acid HN03 76o2 63,5 
N i t r i c anhydride N2°5 74o0 74 o0 
Carbonic acid c o 2 72 07 
Peroxide of l i t h i u m ? L i 2 0 2 71,1 35„5 
Oxalic acid H 2 C 2 ° 4 71,1 
N i t r i c peroxide 69 05 69 o 5 
Tetranitromethane C(N0 2) 4 65„3 65 03 
Sulphuric acid H 2 S ° 4 65„3 ? 
P e r c h l o r i c acid HC104 63»6 55„7 
T r i n i t r o g l y c e r i n C 3 H 5 ( N 0 2 ) 3 0 3 63 o 4 42„3? 
N i t r a t e of ammonia NH.NO-4 3 60„0 50o0? 
Gun cot t o n C 6 H 7 ( N 0 2 ) 3 0 5 59 03 32„3? 
N i t r a t e of sodium NaN03 S6 04 47 o0 
T r i n i t r o a c e t o n i t r i l C 2(N0 2) 2N S4 05 54 05 
Peroxide of a c e t y l C 4 H 6 ° 4 54o2 13.5? 
Acetic acid C 2 H 4 ° 2 53„3 ? 
Glycerin C„HD0„ a 8 J 5 ? 5 2 ? 
S i l i c a S i 0 2 51 09 
N i t r a t e of urea H4IM2C02HN03 51o4 32,5 
Cellulose C6 H10°5 49 04 ? 
P i c r i c acid C 6H 3(N0 2) 30 48 09 41.9 
N i t r a t e of potassium KaN03 47„5 39„6 
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Peroxide of manganese rin0 2 36 07 18 03 
N i t r a t e of diazobenzene C 6H 4N 2,HN0 3 28 07 23 09 
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Nitrobenzene C 6H 5(N0 2) 26<,2 26„2 
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l l o 2 
? 
I t should be said t h a t Sprengel did not claim t h a t h i s table was 
complete,, He i s most c a r e f u l to p o i n t out t h a t 'the t o t a l amount of 
oxygen i n a compound i s by no means a c r i t e r i o n of the amount a v a i l a b l e 
f o r combustion*o 
What might be said to be the broad hope which lay behind the e n t i r e 
s e r i e s of experiments can be deduced from the l a s t sentence of the 
paragraph containing the table (p 07995 l i n e s 8 = 14); 
merely the sudden combustion of carbon and hydrogen at the 
expense of the oxygen supplied by three molecules of n i t r i c 
peroxidej mixtures may be formed which contain ( w i t h reference 
to the foregoing t a b l e ) more oxygen than these powerful 
explosives, and t h e r e f o r e ought to surpass them i n e f f e c t , " 
I t i s not too much to say t h a t Herman Sprengel was looking to 
discover, or more properly t o prove the existence o f , compounds which 
he had i n e f f e c t postulated to e x i s t 0 And i n keeping w i t h t h i s , his 
work was methodical and very wide i n i t s range, 
Sprengel d i d not discover any h i t h e r t o unsuspected and super-
l a t i v e l y powerful cognates to gun-cotton or n i t r o g l y c e r i n e . But the 
chemical c o r o l l a r i e s ; , the easy inferences which would have had to have 
been looked at a t some time before the end of the nineteenth century pwere 
" I f the explosion of gun-cotton and n i t r o g l y c e r i n e i s 
examined„ 
-319= 
The Small__Scalc of Sprenqel's Work 
So f a r as can be determined from a close reading of Sprengel's 
1873 paper, the scale of work upon which he bases his r e p o r t i s small. 
The explosive compounds were detonated i n 'an open wide=>mouthed glass-
b o t t l e , c o n t a i n i n g from 20 to 100 grams at a time'. Only once, when 
de s c r i b i n g his experiments w i t h potassium chlorate (see below) does 
Sprengel give any i n d i c a t i o n t h a t his work went outside of the l a b o r a t o r y . 
The reason f o r a small scale of operation can be appreciated. When the 
number of combinations t r i e d i s considered, i t can be seen t h a t any 
l a r g e r scale of work would have been p r o h i b i t i v e l y expensive. Only 
those few compositions which showed promise i n the l a b o r a t o r y would 
warrant a more extensive t r i a l . 
I t may be t h i s smallness of the scale of Sprengel's experiments 
which a t t r a c t e d the claim l a t e r made by Daniel (See P i c r i c Acid) t h a t 
the experiments were mere t h e o r e t i c a l essays. 
P i c r i c Acid 
For a l l the l a t e r controversy over Herman Sprengel's claim t o be 
f i r s t t o have discovered t h a t p i c r i c a c i d , used alone without the aid 
of any a d d i t i o n a l o x i d i s i n g agents, could be detonated, i t i s the case 
t h a t he devotes very l i t t l e space indeed to p i c r i c acid i n the t e x t of 
his 1873 paper 0 He repeats w i t h l i t t l e a m p l i f i c a t i o n the statement 
which he had i n s e r t e d i n an incongruent way i n t o the s p e c i f i c a t i o n of 
his B r i t i s h patent No,2642 of 5th A p r i l 1871, 
"Be i t noticed t h a t p i c r i c acid alone contains a s u f f i c i e n t 
amount of oxygen to render i t , without the help of f o r e i g n 
o x i d i s e r s , a powerful explosive when f i r e d with- a detonator,,,," 
lf_JSpreirtge.i j U ^ u g h t ^ h ^ d i j c o v e r y to be of any great moment at t h a t 
t i m g j Jie f a i l s to indica_te_ tb>e_fact_bj^anythinq he_jrecords i n his paper 0 
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The mixing of p i c r i c acid w i t h strong n i t r i c acid r e s u l t e d i n 
an unexpected rjsdjjqtiojn i n temperatures 'the glass soon became f r o s t e d 0 „,,'o 
Nevertheless, the mixture exploded w i t h great violence when f i r e d w i th a 
detonator,, 
The excess of oxygen i n the combination (52 029 per cent) which was 
considered to be 'available f o r combustion' i s simply noted. 
Nothing more can j u s t i f i a b l y be said of p i c r i c acid and i t s place 
i n Sprengel's work than t h a t i t was one of a number of 'combustible' 
substances which Sprengel combined w i t h h i s 'oxidisers'„ Within the 
wide range of the experiments c a r r i e d out, p i c r i c acid was mentioned -
but i t appears not t o have been thought exceptional,, As w i l l be 
suggested pr e s e n t l y , p i c r i c acid a t t r a c t e d some r e t r o s p e c t i v e a t t e n t i o n 
f o r reasons not d i r e c t l y connected with i t s chemical properties,, 
N i t r o g l y c e r i n e 
A c a l c u l a t e d t h e o r e t i c a l excess of oxygen (3„52 per cent) i n the 
composition of n i t r o g l y c e r i n e was t o be u t i l i s e d by combining the 
explosive w i t h a small percentage of e i t h e r napthalene or p i c r i c acid„ 
Here, again, Sprengel r e f e r s the reader to his B r i t i s h patent No04642 
of 15th October 1871„ 
Also, he advocates the d i s s o l v i n g of 'an organic base, such as 
a n i l i n e 5 , i n t o n i t r o g l y c e r i n e , p a r t l y f o r the same reason as t h a t above 
but a l s o , and more i n f o r m a t i v e l y 9 f o r the 'purpose of n e u t r a l i s i n g any 
acid t h a t may be generated by a slow decomposition' 0 This statement 
i n d i c a t e s t h a t Sprengel, as l a t e as 1871, held much the same view of the 
chemical composition and p r o p e r t i e s of n i t r o g l y c e r i n e as t h a t which had 
been ent e r t a i n e d by Sobrero t w e n t y - f i v e years e a r l i e r = t h a t i t was 'only 
a question of a longer or a short time before they began to decompose w i t h 




N i t r i c Acid 
Of the many compounds suggested by Sprengel as o x i d i s i n g agents, 
n i t r i c acid presented some s p e c i a l t e c h n i c a l problems i n both handling 
and use. This p a r t i c u l a r compound i s singled out f o r discussion here 
because i t i s f e l t t h a t i t d i d have at l e a s t a p o t e n t i a l f o r p r a c t i c a l 
a p p l i c a t i o n as an explosive under c e r t a i n c o n d i t i o n s , though those 
necessary con d i t i o n s could not e a s i l y have been met at the time Sprengel 
published his paper. 
The other o x i d i s e r s used by Sprengel also had d i f f i c u l t i e s and 
dangers attached to t h e i r use. But these were only those already known 
and p a r t l y met when these chemicals had been used, e a r l i e r and elsewhere, 
as explosives i n t h e i r own r i g h t s the deliquescence of ammonium n i t r a t e , 
the capricious s e n s i t i v i t y of potassium c h l o r a t e and n i t r o g l y c e r i n e , and 
so on 0 
N i t r i c a c i d , used i n the way Sprengel recommended, was, so f a r as 
can be determined, a new o x i d i s e r o There were other compounds which 
might have been used i n the same way. N i t r i c Peroxide (Nitrogen 
Peroxide IMO2) w i t h i t s t a n t a l i s i n g estimated 69 05 per cent of oxygen 
t h e o r e t i c a l l y a v a i l a b l e f o r explosive combination was an outstanding 
example. Only n i t r i c a c i d , however, was to be had cheaply and i n tho 
q u a n t i t i e s which would have been needed to supply any extensive use. 
I t i s reasonable to speculate t h a t had not so many safe, s t a b l e , 
and powerful explosives been discovered at about the same time, Sprengel's 
mixtures of one or more of the aromatic hydrocarbons w i t h strong n i t r i c 
a c i d could w e l l have enjoyed some use i n b l a s t i n g . The t e c h n i c a l 
problems which would have had t o have been overcome would have been 
d i f f e r e n t i n kind from those which had to be met when, say, n i t r o g l y c e r i n e 
was introduced, but they could not have been of a much greater magnitude. 
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Corrosiveness i s less to be feared than explosiveness. The problems 
were those of containment and manipulation § they were derived from 
the l i m i t a t i o n s of the materials which were then a v a i l a b l e f o r the 
handling of dangerous substances. 
The mixture was a l i q u i d ; ; i t would have needed to have been very 
securely contained i n a c a r t r i d g e . Any s p i l l a g e at a l l would have 
rendered f u r t h e r handling extremely dangerous. The only m a t e r i a l which 
might have made an acid-proof c a r t r i d g e case and which i s s u f f i c i e n t l y 
robust f o r general use i s lead f o i l or t h i n sheeting. Sprengel 
i n d i c a t e s t h a t he had already a n t i c i p a t e d a source of d i f f i c u l t y hero. 
A c a r t r i d g e had to be f i l l e d ? . i t had also to be f i t t e d w i th a b l a s t i n g 
cap and the end of a Bickford fuse or the wires from a b a t t e r y of c e l l s . 
I t was found t h a t the use of the n i t r i c acid o x i d i s e r c a l l e d f o r an 
e s p e c i a l l y strong b l a s t i n g cap -= ten grains (0.65 gram) of mercury 
f u l m i n a t e , as against the s i x and one h a l f grains (0.46 grams) which was 
commonly used. Also, he used 'th a t form of percussion cap which has been 
described i n Messrs. Abel and Brown's patent' (See Mercury F u l m i n a t e ) 0 
This kind of b l a s t i n g cap contained the mercury fulminate i n a seamed 
t i n tube plugged w i t h a l i t t l e loose gun-=>cotton0 Obviously, there was 
a need to p r o t e c t the fulminate and any fuse from the a c i d . I t w i l l be 
r e c a l l e d t h a t E„C Howard had s e r i o u s l y i n j u r e d himself when he had poured 
n i t r i c acid onto mercury f u l m i n a t e . There was also the need to seal the 
p o i n t at which the fuse or leads entered the c a r t r i d g e . 
In order to overcome a l l of these problems, Sprengel placed the 
capped end of his fuse i n t o a ' t h i n glass tube ten centimetres long'o 
This appears to havo worked. But t h i s was, of course, i n the l a b o r a t o r y 
s i t u a t i o n where small q u a n t i t i e s of ^he explosive mixtures were being 
f i r e d o f f by men who had a good idea of what they were about, and who 
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were working i n f u l l daylight,, I t cannot be supposed t h a t a length of 
glass tube was a r e l i a b l e p r o t e c t i o n under any other than these s p e c i a l i s e d 
conditions,, A strong union between glass and metals i a a r e l a t i v e l y 
recent achievemento 
A second p r o h i b i t i v e d i f f i c u l t y came from the very great heat 
generated during the explosive reaction,, Sprengel found t h a t a brass 
container had become melted and t h a t some grains of sand had fused 
together a f t e r a t e s t explosion,, Under such c o n d i t i o n s a s o f t metal 
f o i l could w e l l have v o l a t i l i s e d to give o f f poisonous fumes - t h i s 
would have made the use of such mixtures underground extremely dangerous,, 
I t was more because of problems such as those o u t l i n e d above t h a t 
l i t t l e f u r t h e r use was made of the n i t r i c acid based explosives proposed 
by Herman Sprengel„ 
I n - s i t u preparation o f t e n requires some s p e c i a l i s e d apparatus,, 
Only where the p r o j e c t i s very large and a great q u a n t i t y of explosives 
i s to be used can the expense of such preparation be j u s t i f i e d . The 
r e a l d i s t i n c t i o n between i n - s i t u preparation and the s e t t i n g up of a 
small l o c a l ' f a c t o r y " may be small,, Given t h a t some means could be 
found to contain the e x p l o s i v e 9 there seems to be no reason why i t should 
not have found an a p p l i c a t i o n Much of the Simplon Tunnel was hla.st.Rd 
w i t h l i q u i d oxygen explosives ~ t h i s must have presented at l e a s t as many 
problems as n i t r i c acid explosives,, 
Potassi_um hjj i r a t e ^ 
The l a s t of the compounds which Sprengel discusses a t any length 
i n his paper i s potassium chlorate,, There i s a note of d i s s a t i s f a c t i o n 
i n the f i r s t sentence of t h i s p a r t of the works 
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"Relinquishing the attempts to obt a i n t o t a l g a s i f i c a t i o n 
we r e t u r n again to explosives which are nearly r e l a t e d to common 
gunpowder, as t h e i r o x i d i s i n g agents are s a l t s with a non= 
v o l a t i l e base." 
As might be supposed, Sprengel was able to record t h a t 
potassium c h l o r a t e 'furnishes detonating explosives when mixed w i t h 
almost any organic substance' 0 To avoid the more obvious dangers 
associated w i t h the use of potassium c h l o r a t e , he worked wdth 
'combustible l i q u i d s , which when brought i n t o contact w i t h porous 
cakes or lumps of potassium c h l o r a t e are absorbed q u i e t l y and without 
r i s k o ' The cakes of potassium c h l o r a t e were made by pressing f i n e l y 
powdered, s l i g h t l y moistened, c h l o r a t e i n t o moulds. These d r i e d cakes 
were said to possess 'the p o r o s i t y of lump sugar' 0 Sprengel states 
also t h a t the p o r o s i t y of the cakes depended upon the fineness of the 
powder used and the degree of compression. This may have been so 0 
But common sense would i n d i c a t e t h a t such cakes would not long r e t a i n 
t h e i r cohesion when soaked w i t h a l i q u i d , e s p e c i a l l y w i t h a l i q u i d of 
low s p e c i f i c g r a v i t y , even where they pressed to the 137 kg. per square 
centimetre needed to compact the 'press=cake' i n gunpowder manufacture 0 
The machinery which presents i t s e l f as being most r e a d i l y a v a i l a b l e f o r 
the purpose i n the lt37D's i s t h a t used by pharmacists f o r compressing 
p i l l s , or by the confectioners f o r making bon-bons. Hand presses are 
w e l l able to compact c r y s t a l l i n e powders i n t o cakes of reasonable 
d u r a b i l i t y o The suggestion i s made because of Sprengel's mention of 
'moulds' and because of what has already been observed about the small 
scale of Sprengel's experiments. 
The use of the c h l o r a t e i n the form of such cakes would at l e a s t 
have ensured t h a t the l i q u i d hydrocarbons used would reach a l l parts of 
the c a r t r i d g e when the charge was made a c t i v e . 
=325= 
The combustible l i q u i d s when Sprengel t r i e d w i t h the chlorate 
o x i d i s e r included carbon b i s u l p h i d e , petroleum, napthalene, benzine, 
and nitro=benzine; some of these were t r i e d i n combination, and w i t h 
or without a small a d d i t i o n of sulphur,, A l l were found to be more or 
less explosive when absorbed i n t o the chlorate,, 
A mixture of potassium c h l o r a t e and benzine without any a d d i t i o n 
of sulphur r e s i s t e d detonation u n t i l a more powerful cap was used. 
Carbon bisulphide w i t h potassium c h l o r a t e was proved to be about 
four times as e f f e c t i v e as gunpowders 
"Such a mixture, used i n open g r a n i t B q u a r r i e s f o r 
b l a s t i n g , proved t o be about four times as e f f e c t i v e as the 
same weight of gunpowder." 
The above i s the only mention of p r a c t i c a l t r i a l s made wi t h any 
one of the Sprengel explosives i n the e n t i r e paper. There i s , 
u n f o r t u n a t e l y , no supporting d e t a i l . When burned i n the open a i r , 
c h l o r a t e cakes soaked i n 'combustible l i q u i d " d i d not explode. 
Sprengel concludes his discussion of his work with potassium 
c h l o r a t e by engrossing = without g i v i n g any account of p r a c t i c a l 
experiments c a r r i e d out = several other s o l i d o x i d i s e r s s 
"As i n the acid mixtures so here, a great many 
mutations are possible. Potassium c h l o r a t e may be p a r t l y 
(or perhaps t o t a l l y ) replaced by potassium n i t r a t e = or sodium 
n i t r a t e , " 
Ammonium N i t r a t e 
Discussion of ammonium n i t r a t e occurs r e l a t i v e l y e a r l y i n 
Sprengel's paper Q However, because ammonium n i t r a t e came eventually 
to more extensive use than almost any other of the compounds proposed 
by Sprengel, i t has been held over to l a s t . I t provides a po i n t of 
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e x i t which leads most d i r e c t l y to modern explosives technology 0 
Only some twenty l i n e s of Sprengel's paper are devoted to his 
work w i t h n i t r a t e of ammonia0 He observes t h a t o x i d i s i n g agents which 
a f f o r d 'perfect g a s i f i c a t i o n ' are few, but almost at once he excludes 
ammonium n i t r a t e from the l i s t on the grounds of i t s great a f f i n i t y 
f o r atmospheric moisture 0 
Sprengel's work w i t h ammonium n i t r a t e must properly be considered 
to have been a d e v i a t i o n from the main aim of his experiments, which was 
to discover new b l a s t i n g agents 0 The whole of the paragraph which deals 
w i t h what Sprengel had actualjL^ done w i t h the n i t r a t e of ammonia describes 
his e f f o r t s t o increase the i n i t i a l v e l o c i t y of small arms p r o j e c t i l e s by 
adding t o ordinary s p o r t i n g gunpowder a mixture of ammonium n i t r a t e w i t h 
7 05 per cent of lamp bl a c k 0 
There i s nothing i n what Herman SprBngel wrote i n his paper 
concerning ammonium n i t r a t e which would allow any claim at a l l t o be made 
f o r him to be named as the invent o r or discoverer of any explosives based 
upon ammonium n i t r a t e . B u t i t i s p r e c i s e l y such explosives which have 
come t o be among the most widely used of the modern general purpose 
explosiveso Only i n as much as the c o n s t i t u e n t s may be mixed 
immediately before use can an explosive making ammonium n i t r a t e as i t s 
o x i d i s i n g agent be classed as a 'Sprengel' explosive^ the s a l t was n o t 9 
so f a r as the 1873 paper records events, one of the o x i d i s e r s Sprengel 
used i n his experiments w i t h b l a s t i n g compositions,, 
•ft 
Here, and i r o n i c a l l y where he was s t r a y i n g from the main course of his 
experimental work, Herman Sprengel had under his hand a p r a c t i c a l 
b l a s t i n g e x p l o s i v e , had the problem of the s a l t ' s deliquescence been 
overcome % 
"Known i n t h a t country (U„S0Ao) as Akremite, the composition of which 
i s given as 100 parts ammonium n i t r a t e w i t h 6 parts carbon black, i t 
i s claimed t o give very economical blasting,," 
Britis_h_Cpa 1 J l i n i n q Exp 1 osiyes_, Dames Taylor & PoF» Gay, Pubo Geo0 
PJewnes L t d 0 , London, 1958, (p 0 1 5 D ) 0 
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The reason uhy Sprengel q u i c k l y abandoned n i t r a t e of ammonia 
was, as has been s a i d , i t s r a p i d deliquescence. He saw t h a t i t would 
have some p o t e n t i a l i f ' a i r = t i g h t c a r t r i d g e s ' could be found 0 We have 
already seen how the l i m i t a t i o n s to the l e v e l of development i n container 
technology was a source of d i f f i c u l t y i n the a p p l i c a t i o n of n i t r o g l y c e r i n e ; , 
In order to have used ammonium n i t r a t e a means would have had to have 
been a v a i l a b l e to p r o t e c t i t a b s o l u t e l y from the a i r D And here again 
there were few options = the tinned c a n i s t e r representing the most l i k e l y Q 
I t was not u n t i l the f i f t i e s of the present century t h a t a 
container e f f i c i e n t enough and cheap enough to carry large q u a n t i t i e s 
of deliquescent s a l t s . The container was the now ubiquitous polythene 
sacko 
I t i s the polythene sack which has made possible the easy 
maintenance of ammonium n i t r a t e i n i t s dry c r y s t a l l i n e form. I t i s the 
wide a v a i l a b i l i t y of ammonium n i t r a t e i n t h i s form which has allowed the 
coming i n t o being of a s p e c i a l class of explosives. The cause and e f f e c t 
chain appears to be d i r e c t . 
ANFO, 'Ammonium N i t r a t e = Fuel O i l ' explosives have come i n t o 
extensive use since the 1950's, e s p e c i a l l y i n those countries which do 
not have s t r i c t explosives l e g i s l a t i o n (ANF_0 explosives cannot l e g a l l y 
be compounded or used i n t h e U.K.). 
AIMFO charges are made simply by damping ammonium n i t r a t e w i t h a 
l i t t l e f u e l o i l s d i e s e l f u e l . As an explosive Aj\IF0 i s q u i t e powerful, 
i t i s r e l i a b l e and i t i s s t a b l e . I t must be something of a j e s t i n the 
h i s t o r y of technology t h a t the great chemical i n d u s t r i e s , the descendents 
of the explosives manufacturers of l a s t century, should have set up 
d i s t r i b u t i o n systems on an i n t e r n a t i o n a l scale f o r the supply of 
ammonium n i t r a t e fertiliser§ t h a t s i m i l a r systems have been set up f o r 
the supply of f u e l oils. t h a t these two, brought together, allow the 
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compounding of a f a i r s u b s t i t u t e f o r many p r o p r i e t o r y explosives at a 
small f r a c t i o n of t h e i r c o s t o 
In the end, then, explosives have come to be made i n the way 
envisaged and advocated by Herman Sprengel (and to be f a i r , independently 
by the American, S0R<. D i v i n e ) 0 But the o x i d i s i n g agent was to be one he 
had f u l l y r e j e c t e d f o r use, and the 'combustible' was one he i s u n l i k e l y 
to have known o f , 
( i n t u i t i v e l y , i t can be supposed t h a t the i n v e n t i o n of explosives 
of the AMFQ type owed nothing at a l l to SprBngel, or indeed to any other 
chemist. P r o p r i e t o r y explosives c o n s i s t i n g of a s a l t and a hydrocarbon 
can be analysed by i n s p e c t i o n and s m e l l , and a l i t t l e chemical knowledge 
of a very elementary l e v e l . The discovery t h a t an explosive can be 
made from i n g r e d i e n t s t o be found i n the environment might be held t o 
show t h a t there are, i n the so-c a l l e d Third World, men working at a 
genuinely e m p i r i c a l l e v e l of chemical technology and making d i s c o v e r i e s , 
q u i t e independently, which are of great l o c a l u t i l i t y ) , , 
Sprengel's 1873 paper a t t r a c t e d remarkably l i t t l e a t t e n t i o n i n the 
j o u r n a l s of the day 0 Those j o u r n a l s which o r d i n a r i l y could be expected 
to r e p o r t q u i t e t r i v i a l advances i n explosives technology — _Engineerinq, 
The Engineer, Dournal of JtheChemical Society = hardly mention Sprengel's 
work 0 Even the Jjguirial of the Socjjsty of Cjiemical In^us^try^, i n which 
the paper was o r i g i n a l l y published, does not devote f u r t h e r space t o i t 0 
l\lor i s there any reason why t h i s should be otherwise - Sprengel had 
acknowledged the grave d e f i c i e n c i e s i n h is projected range of explosives 
himself a t the end of his paper. 
W r i t i n g of Sprengel's experiments i n 1872, bej^orjs the p u b l i c a t i o n 
of the paper i n the J.S.C.Io, FoA 0 Abel's comments are measured rather 
Later 'Sprengel' Explosives 
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than e n t h u s i a s t i c ; 
" I t remains to be seen whether mixtures of t h i s class 
can be applied w i t h advantage as s u b s t i t u t e s f o r v i o l e n t 
explosive agents which are now r a p i d l y supplanting gunpowder i n 
some of i t s important uses 0" 
Noo 1342 - "Explosive Agents Applied t o 
Industria3^_Purpo_sej3 by 
Frederick Augustus Abel, FoRoSo, 
I n s t i t u t e of C i v i l Engineers, 
Vol. XLVo, London, 1872 (p.351). 
I t was not u n t i l a f t e r 1882 ohen Turpin, i n P a r i s , had announced 
the i n t r o d u c t i o n of his i n v e n t i o n ' P a n c l a s t i t e ' t h a t Sprengel was to be 
reminded of his e a r l i e r work 0 He did not respond a t once. I t was not 
u n t i l some four years l a t e r t h a t an a r t i c l e under h i s name, 'j^ote on So= 
c a l l e d P a n c l a s t i t e ' , appeared i n the Journal of the Society of Chemical 
Industry f o r the 29th A p r i l 1886 (po200)„ 
Sprengel was able to r e f e r to his o r i g i n a l paper and show where he 
had a n t i c i p a t e d the Frenchman, and f o r the most pa r t he i s j u s t i f i e d i n 
his a s s e r t i o n s . 
But Sprengel was not the f i r s t person to have been angered by 
Turpin's claims. I t was F.A. Abel who almost three years e a r l i e r , i n 
his P r e s i d e n t i a l Address t o the annual meeting of the 3.S.C.I. on 11th 
Duly 1883, had already attacked Turpin's claims w i t h some scorn. With 
so much s n a r l i n g over a so long abandoned bone, i t i s hard not to suspect 
t h a t the motiv a t i o n was one of raw n a t i o n a l i s m 0 Sprengel devotes almost 
h a l f of h i s 1886 a r t i c l e to quoting Abel 9 who had already made many of the 
same points of argument which Sprengel was to r e i t e r a t e . The general tone 
of Abel's attack can be judged from the f a l l o w i n g s 
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"The p u b l i c a t i o n i n France of r e s e a r c h e s or i n v e n t i o n s 
as o r i g i n a l , t h e r e s u l t s o f which have l o n g been p u b l i s h e d i n 
England, i s an o c c u r r e n c e t o which we are n o t unaccustomed, and 
so t h e performances of Sp r e n g e l ' s o f f s p r i n g , f u r n i s h e d by P\T0 
T u r p i n w i t h an i m p r e s s i v e f a m i l y name„oo" 
I t seems a p p r o p r i a t e h e r e , i n the i n t e r e s t s o f b a l a n c e , t o g i v e 
a t r a n s l a t i o n of as much as i s t o hand o f T u r p i n ' s s p e c i f i c a t i o n 0 
T h i s i s t a k e n f r o m Note on S o - c a l l e d " P a n c l a s t i t e " c i t e d above„ I t 
i s noted t h a t n e i t h e r Herman S p r e n g e l nor t h e 3.S.C.I, t h o u g h t f i t t o 
o f f e r T u r p i n ' s c l a i m s i n an E n g l i s h t r a n s l a t i o n 0 Moreover, t h a t which 
i s g i v e n i s c l e a r l y s e l e c t e d m a t e r i a l , , 
I n " N o t i c e sur l a P a n c l a s t i e , e t c 'par' Eug§ne T u r p i n , 
P a r i s , Eo Bernard & C i e , 1882," we r e a d s -
P o l l - "PANCLASTITE ( B r i s e t o u t ; - de% av, t o u t ? k aw, 
j e b r i s e ) 0 E x p l o s i f s a base de peroxyde d'azote, 
" P r i n c i p e d e c o u v e r t par E u g 0 T u r p i n (1878 a 1 8 8 2 ) 0 
"Le corps comburant e s t l e peroxyde d'azote pur e t 
anhydre a l ' e t a t l i q u i d e 0 
" C e t t e s e c t i o n a c e l a de t o u t a f a i t r e m a r q u a b l e , c ' e s t 
qu'aucun des p r o d u i t s q u i e n t r e n t dans l a c o m p o s i t i o n des nombreux 
e x p l o s i f s q u i en f o n t p a r t i e n'a ja m a i s e t e employe a l a c o n f e c t i o n 
d'un a u t r e melange d e t o n a n t 0 Le comburant on l e s c o m b u s t i b l e s n'ont 
j a m a i s e t e a p p l i q u e s , en aucun cas, dans ce b u t , s o i t ensemble, s o i t 
y / 
separement, t a n d i s que dans l e s I r e , 2e e t 4e s e c t i o n s on r e t r o u v e 
l e s o u f r e e t l e c h a r b o n 0 
"Recherchant de s u i t e t o u t e ce que p o u v a i t l u i donner l a 
d e c o u v e r t e de ce nouveau p r i n c i p e , Mo T u r p i n e s t parvenu a p r o d u i r e 
p l u s de ce n t e x p l o s i f s nouveaux, c ' e s t — a — d i r e un nombre p l u s 
c o n s i d e r a b l e qua c e l u i q u i comprend tous l e s e x p l o s i f s connus 
s 
a n t e r i e u r e m e n t o " 
y 
Po5 "La P a n c l a s t i t e e s t dans ce d e r n i e r c a s 0 Deconverte par 
FloEugene T u r p i n , e l l e c o n s t i t u e une i n v e n t i o n de p r i n c i p e q u ' l ne 
f a u t pas c o n f o n d r e avec une i n v e n t i o n r e p o s a n t sur des p r i n c i p e s 
connus, ce q u i e s t l e cas de l a dynamite^ l e s i n v e n t i o n s de p r i n c i p e 
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s o n t extremement r a r e s e t t e n d e n t a d i m i n u e r encore au f u r e t a 
mesure que l e p r o g r e s se d e v e l o p p e , t a n d i s que l e s i n v e n t i o n s 
d ' a p p l i c a t i o n ou de p e r f e c t i o n n o m e n t augmentent constamment 0" 
T r a n s l a t i o n 
"An e x p l o s i v e w i t h a n i t r o g e n , p e r o x i d e base,, ThB p r i n c i p l e 
was d i s c o v e r e d by Eugene T u r p i n between 1878 and 1882 0 The 
o x i d i s e r i s pure anhydrous n i t r o g e n p e r o x i d e i n the l i q u i d s t a t e . 
T h i s s e c t i o n i s q u i t e remarkable i n t h a t none of t h e 
c h e m i c a l s which compose the numerous e x p l o s i v e s which are p a r t 
o f i t has p r e v i o u s l y been employed i n t h e manufacture of any o t h e r 
explosive„ 
The c o m b u s t i b l e s have p r e v i o u s l y been a p p l i e d i n any case 
f o r t h i s purpose, whether t o g e t h e r or s e p a r a t e l y , whereas i n the 
f i r s t , second and f o u r t h s e c t i o n one can f i n d s u l p h u r and c a r b o n c 
Seeking i m m e d i a t e l y what t h e d i s c o v e r y o f t h i s new p r i n c i p l e 
m i g h t g i v e him, Fl„ T u r p i n has managed t o produce more t h a n a 
hundred new e x p l o s i v e s , t h a t i s t o say, a g r e a t e r number t h a n a l l 
t h e e x p l o s i v e s h i t h e r t o known,, 
P5 0 ' P a n c l a s t i t e ' i s i n t h i s l a s t c a t e g o r y 0 D i s c o v e r e d by 
F l o E . T u r p i n , i t c o n s t i t u t e s an advance i n t h e o r y which must n o t be 
confused w i t h an i n v e n t i o n based upon a known p r i n c i p l e , as i s the 
case w i t h d y n a m i t e 0 Advances i n t h e o r y are e x t r e m e l y r a r e , and 
t e n d t o become more so as p r o g r e s s d e v e l o p s , whereas i n v e n t i o n s 
d e r i v i n g f r o m a p p l i c a t i o n or improvement are i n c r e a s i n g a l l t h e time,," 
I t may w e l l be, t h e n , t h a t t h e term Sjgrenqel E x p l o s i v e s came t o be 
used, a t l e a s t i n t h e E n g l i s h - s p e a k i n g w o r l d , f o r no more wo r t h y reason 
t h a n t h a t i t was t h o u g h t t o be p o l i t i c a l l y d e s i r a b l e t h a t the work o f 
S p r e n g e l s h o u l d be g i v e n a n o t e n t i r e l y deserved prominence d u r i n g the 
1880s when Anglo-French r e l a t i o n s were l e s s than c o r d i a l 0 
I n t h e e v e n t , b o t h c l a i m a n t s may f a i r l y be s a i d t o have been 
a n t i c i p a t e d i n r e s p e c t o f a s i n g l e e x p l o s i v e o f the 'Sprengel' t y p e , i f 
j u d g e d by i t s c o m p o s i t i o n a l o n e 0 The most d e t a i l e d d e s c r i p t i o n of 
t h i s e x p l o s i v e i s t o be f o u n d i n a f o o t n o t e t o t h e c h a p t e r d e a l i n g w i t h 
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S p r e n g e l t y p e e x p l o s i v e s i n C u n d i l l ' s D i c t i o n a r y pf E x p l o s i v e s ; 
"Mro S i l a s R„ D i v i n e ^ U.SoA 0 c l a i m s t o have i n v e n t e d 
a m i x t u r e o f c h l o r a t e o f pot a s h and n i t r o - b e n z o l e (now termed 
Rack-a-rock) and on t h e 9 t h January 1 8 7 1 , he f i l e d a c a v e a t i n 
the c o n f i d e n t i a l a r c h i v e s of t h e U n i t e d S t a t e s P a t e n t O f f i c e ^ 
b u t p u b l i s h e d no p a t e n t t i l l 1 8 8 0 o " 
The f o l l o w i n g s h o r t l i s t g i v e s t h e r e g i s t e r e d names o f e x p l o s i v e s 
coming i n t o use a f t e r 1 8 7 5 which c o u l d be s a i d t o be Spre n g e l t y p e 
e x p l o s i v e s ; H e l l h o f i t e 9 1 8 8 0 j O x o n i t e ^ 1 8 8 3 j B e l l i t e , 1 8 8 5 0 None 
of these e x p l o s i v e s c o u l d be used i n t h e U n i t e d Kingdom s i n c e t h e y c o u l d 
n o t meet t h e s a f e t y c r i t e r i a r e q u i r e d f o r i n c l u s i o n on the ' P e r m i t t e d L i s t ' o 
=333= 
CHAPTER 14 
AMMONIUM NITRATE EXPLOSIVES 
I n t r o d u c t o r y Note 
The ammonium n i t r a t e e x p l o s i v e s have p r a c t i c a l l y s p e a k i n g l i t t l e 
p l a c e a t a l l i n any account o f the development of e x p l o s i v e s i n the 
U n i t e d Kingdom b e f o r e 18?5„ The f i r s t g e n e r a l l y used e x p l o s i v e based 
upon ammonium n i t r a t e was Amide Powder ( B r i t i s h p a t e n t No 0 14,412 o f 
24 t h November 1885) which was i n t r o d u c e d as a ' s a f e t y ' m i n i n g e x p l o s i v e . 
The reason f o r i n c l u d i n g what l i t t l e i n f o r m a t i o n t h e r e i s on 
e x p l o s i v e s of t h i s c l a s s i s t h a t t h e y l a t e r became enormously i m p o r t a n t , 
b o t h as s a f e t y m i n i n g e x p l o s i v e s f o r use i n gassy coalmines and, f a r and 
away above any o t h e r use, as m i l i t a r y e x p l o s i v e s , , Any h i s t o r y of t h e 
use of e x p l o s i v e s between 1885 and t h e p r e s e n t would have t o devote a 
g r e a t d e a l of space t o the ammonium n i t r a t e e x p l o s i v e s 0 I t was t h o u g h t 
t o be a p p r o p r i a t e , t h e r e f o r e , t o l o c a t e t h i s k i n d o f e x p l o s i v e i n i t s 
p r o p e r t i m e , even i f t h i s meant showing how l i t t l e i m p o r t a n t i t was 
befiore t h a t t i m e 0 
j\mmo^njLuni N i t r a t e E x p l o s i v e s 
Powders c o n t a i n i n g any m a t e r i a l p r o p o r t i o n of n i t r a t e o f ammonia 
d i d n o t come i n t o e x t e n s i v e g e n e r a l use u n t i l t h e i n t r o d u c t i o n of t h e 
Amide Powders a f t e r 1885 0 N e v e r t h e l e s s , the p o t e n t i a l of n i t r a t e o f 
ammonia was l o n g a p p r e c i a t e d and t h e r e were a number o f a t t e m p t s a t 
a p p l y i n g t he s a l t as t h e o x i d i s i n g agent i n e x p l o s i v e s d u r i n g the 
n i n e t e e n t h century,, Indeed Oscar Guttman i n h i s book Twenty ^Year^s 
Proqress i n E x p l o s i v e s g i v e s t h e f o l l o w i n g r e f e r e n c e t o ammonium n i t r a t e 
" T h i s a l s o (ammonium n i t r a t e ) was t r i e d i n France i n t h e 
e i g h t e e n t h c e n t u r y w i t h but l i t t l e r e s u l t , , " 
" 5The Manufacture o f Ej^pJLo^ves^^ Twenty years. Progress,% Guttman, 0 „, 
U h i t t a k e r , London, 1912„ 
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He c i t e s s B o t t e e e t R i f f a u l t y " T r a i t e de l ' a r t de f a b r i g u e r l a 
^o_udre ^__canop," (A T r e a t i s e on t h e a r t of making Gunpowder and Cannon), 
P a r i s , 1B11 0 
N i t r a t e o f ammonia p r o b a b l y became f r e e l y a v a i l a b l e when s u l p h a t e 
o f ammonia d e r i v e d f r o m the 'ammoniable w a t e r ' b y = p r o d u c t of gas-works 
p r e s e n t e d a ready s o u r c e . The s a l t was produced by way of a double de-
c o m p o s i t i o n of s u l p h a t e of ammonia w i t h n i t r a t e of p o t a s s i u m , i n s o l u t i o n 
w i t h w a t e r . The d i f f e r e n c e i n t h e t e m p e r a t u r e s of c r y s t a l l i s a t i o n a l l o w e d 
an easy s e p a r a t i o n o f t h e two newly formed s a l t s ? s u l p h a t e o f potassium 
and n i t r a t e o f ammonia,, 
I n h i s work, A Handbook o f _ C h e m i c a l Technology, the German c h e m i s t , 
R u d o l f Wagner, makes t h e f o l l o w i n g o b s e r v a t i o n ? 
"„,„ t h e f a c t t h a t when s t r o n g l y heated i t i s c o n v e r t e d i n t o 
p r o t o x i d e of n i t r o g e n and steam ( | \ I 2 0 + 2 H 2 O ) m i g h t perhaps r e n d e r 
i t o f use i n the p r e p a r a t i o n of a b l a s t i n g powder," 
The c o n j e c t u r e would have been a t r u l y i n s p i r e d one i f i t had been 
i n c l u d e d i n Wagner's 1850 e d i t i o n s i t m e r i t s p r o g r e s s i v e l y l e s s p r a i s e 
i f i t was i n s e r t e d i n t o any of the f u r t h e r s i x e d i t i o n s which were 
p r i n t e d between 1850 and 1870s. i f i t was an a d d i t i o n t o t h e e i g h t h 
e d i t i o n , Wagner was s a d l y behindhand. U n f o r t u n a t e l y , t h e r e has been no 
o p p o r t u n i t y t o i n s p e c t any e d i t i o n s o t h e r than t h e e i g h t h , of 1872, 
The most e x t e n s i v e t r e a t m e n t of ammonium n i t r a t e e x p l o s i v e s f o u n d 
appeared i n the J o u r n a l E n g i n e e r i n g f o r 3 r d September 1869 ( p , 1 5 7 ) . 
The a r t i c l e was d e r i v e d from f o r e i g n s o u r c e s , 
"A NEW EXPLOSIUE MATERIAL - The f o l l o w i n g account of a new 
e x p l o s i v e m a t e r i a l i s a b r i d g e d f r o m K o l n i s c h e Z e i t u n g , May 1 9 t h 9 
which g i v e s the F l i l i t a r - W o c h e n - b l a t t as i t s a u t h o r i t y s=> 
I t i s now some t i m e s i n c e the p r o p r i e t o r s o f the Nora-
G y t t o r p Powder H i l l s o b t a i n e d a p a t e n t i n Sweden f o r the d i s c o v e r y 
o f the s o - c a l l e d 'ammonia powder', a substance which has 
h i t h e r t o o n l y been employed i n a few m i n i n g d i s t r i c t s , but 
which o t h e r w i s e seems w h o l l y unknown c I t s e x p l o s i v e f o r c e 
may be compared w i t h t h a t o f n i t r o g l y c e r i n e , and, c o n s e q u e n t l y 
f a r surpasses t h a t of d y n a m i t e . I t cannot be exploded by 
flame or by s p a r k s , and t h e e x p l o s i o n can be e f f e c t e d by a 
heavy blow f r o m a hammer. B l a s t h o l e s loaded w i t h t h i s powder 
are exploded by means of a p o w e r f u l cap, o r , b e t t e r , by means 
of a c a r t r i d g e c o n t a i n i n g common powder, f o r t h i s forms a more 
r e l i a b l e e x p l o d e r . One of the more i m p o r t a n t p r o p e r t i e s of 
t h i s new powder i s , t h a t i t does n o t r e q u i r e h e a t i n g i n c o l d 
w e a t h e r , w h i l s t n i t r o g l y c e r i n e and dynamite must f i r s t of a l l 
be warmed, and t h i s has been the cause of many a c c i d e n t s , " 
The same paper f u r t h e r addss-
" A c c o r d i n g t o i n f o r m a t i o n we have r e c e i v e d , ammonia powder 
-a-
was d i s c o v e r e d by the c h e m i s t N o r r o b i n 0 " 
The German B u i l d i n g News c o n t a i n s e x t r a c t s f r o m a r e p o r t o f the 
P r u s s i a n A r c h i t e c t , Steenke, who makes th e f o l l o w i n g remarks upon t h e 
s a f e t y o f ammonia powder;= 
"Experiments were made by f a s t e n i n g a lamp pendulum, which 
was caused t o o s c i l l a t e ^ gunpowder, g u n - c o t t o n , n i t r o g l y c e r i n e , 
and dynamite a l l took f i r e as the f l a m e passed over them, but 
t h e ammonia powder d i d n o t b e g i n t o burn t i l l i t had been touched 
by t h e flame t w e n t y t i m e s •><>, a f a l l of f r o m 12 t o 15 f e e t (3<,66 m = 
4 0 6 m) was necessary t o cause the e x p l o s i o n o f ammonia powder 0" 
Ohlsson and N o r r o b i n ' s e x p l o s i v e was ammonium n i t r a t e mixed w i t h 
about 10 per c e n t o f c h a r c o a l , or sawdust^ they a l s o were a b l e t o 
induce d e t o n a t i o n i n pure ammonium n i t r a t e c r y s t a l s a l o n e by u s i n g a 
s t r o n g b l a s t i n g cap ( o r , as was mentioned i n t h e q u o t a t i o n f r o m 
E n g i neering^ c i t e d above, by t h e use of an i n i t i a t o r o f b l a c k gunp0wder) o 
The o v e r r i d i n g o b j e c t i o n t o the use of ammonium n i t r a t e i n e x p l o s i v e s 
was the s a l t s g r e a t a f f i n i t y f o r water ~ exposed t o t h e a i r i t q u i c k l y 
d e l i q u e s c e d t o a wet p a s t e 0 
Co3o Ohlsson & 3 0 H o N o r r o b i n ; Swedish p a t e n t g r a n t e d 3 1 s t my 1867 0 
•'*E_xplosives,, A, M a r s h a l l , Pub 0 C h u r c h i l l , London, 1917 (p 036)<> 
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APPENDIX I 
MINOR AND LITTLE KNOWN EXPLOSIVES 
Th i s appendix i s a c o l l e c t i o n of i n f o r m a t i o n about those 
e x p l o s i v e c o m p o s i t i o n s uhich were p a t e n t e d i n the U n i t e d Kingdom b e f o r e 
1875, I t r e p r e s e n t s t h e residuum of m a t e r i a l w h i c h , a l t h o u g h very 
i n t e r e s t i n g i n i t s e l f , c o u l d n o t j u s t i f y s e p a r a t e t o p i c headings. 
The main t h r e a d upon which t h e i n f o r m a t i o n i s s t r u n g i s , as w i l l 
r e a d i l y be seen, those headings i n C u n d i l l ' s D i c t i o n a r y o f E x p l o s i v e s 
which i n d i c a t e an e x p l o s i v e used i n t h e U n i t e d Kingdom d u r i n g the 
p e r i o d under s t u d y 0 To t h i s has been added any m a t e r i a l which extends 
the bare o u t l i n e g i v e n by Major C u n d i l l , 
The l i s t of c o m p o s i t i o n s i s p r o b a b l y f a r f r o m e x h a u s t i v e , but i t 
i s f e l t t h a t i t w i l l go some way t o f i l l i n g t h e many spaces which p e r f o r c e 
have had t o be l e f t when t h e main t o p i c s were t r e a t e d . I f n o t h i n g e l s e , 
i t a f f o r d s a s t a r t i n g p l a c e f o r f u r t h e r s t u d i e s . 
The c o m p o s i t i o n s are a r r a n g e d i n o r d e r of t h e g i v e n dates f o r the 
g r a n t i n g of t h e p a t e n t s . 
- 3 3 7 ' 
MjL-gJE_PP^.PER DATE OF PATENT BRITISH PATENT_MUP1[BER! 
MELVILLE'S POWDER 6 t h October 1850 13,215 
NOTES & COMMENTS 
Mentioned o n l y i n C u n d i l l ' s d i c t i o n a r y , t h i s powder i s n o t a b l e 
f o r t h e e a r l y date of i t s i n v e n t i o n and f o r the appa r e n t absence o f 
any d i r e c t l y o r g a n i c substances i n i t s composition,, C u n d i l l g i v e s 
t h e f o r m u l a as f o l l o w s ! 
i't 
" C h l o r a t e o f p o t a s h , 5 p a r t s ; r e d o r p i m e n t , p r u s s i a t e of p o t a s h , 
1 p a r f c o " 
Red o r p i m e n t ; C u n d i l l p r o b a b l y was r e f e r r i n g t o r e a l g a r , r e d a r s e n a t e , 
(As2S2)? o r p i m e n t was o r d i n a r i l y t h e name f o r A u r i pigemntum, y e l l o w 
s u l p h u r e t o f a r s e n i c (As2S3)„ 
-338. 
NAME OF POWDER DATE OF PATENT BRITISH PATENT NUMBER 
MACINTOSH 1 1 t h February 1B52 404 
(p r o p o s e d ) 
NOTES & COMMENTS 
C u n d i l l g i v e s t h e f o l l o w i n g d e s c r i p t i o n ; 
" M a c i n t o s h proposed t o mix gunpowder and o t h e r e x p l o s i v e s w i t h 
i n d i a r u b b e r or g u t t a p e r c h a i n a s t a t e o f s o l u t i o n , and t o spread t h e 
m i x t u r e on c l o t h , which became i n f l a m m a b l e , b u r n i n g r a p i d l y i f mixed 
w i t h c h l o r a t e or n i t r a t e of p o t a s h , and s l o w l y i f mixed w i t h s t e e l 
f i l i n g s or sulphur,, The c l o t h can be c u t i n t o s t r i p s and used i n 
c o n n e c t i o n w i t h i n c e n d i a r y p r o j e c t i l e s o " 
-339^ 
NAME OF POWDER DATE OF PATENT BRITISH PATENT NUMBER 
SCHLESINGER'S POWDER 20 t h J u l y 1852 14 9227 
NOTES & COMMENTS 
C u n d i l l g i v e s t h e f o r m u l a ; 
" C h l o r a t e of p o t a s h , 3 p a r t s ? s u l p h i d e of ant i m o n y , 
3 p a r t s ? f l o w e r s of s u l p h u r , 1 p a r t s , " 
The o n l y comment C u n d i l l makes about t h i s c o m p o s i t i o n i s t h a t i t 
was proposed f o r use i n s m a l l arms. The m i x t u r e i s e s s e n t i a l l y a f o r m 
of w h i t e gunpowder. I t i s suggested t h a t any f r e e sulphuous a c i d f r o m 
the f l o w e r s o f s u l p h u r c o u l d have r e a c t e d w i t h t h e c h l o r a t e t o produce 
spontaneous i g n i t i o n - e x p l o s i o n s 0 
-340-
IMA RE OF EXPLOSIUE DATE OF PATENT 
KOHLER'S POWDER • 1 0 t h Dune 1857 
Th i s was a s i m p l e c h l o r a t e gunpowder 
w i t h c h l o r a t e e x p l o s i v e s , , 
BRIJISH PATENT NURBER 
1,622 
see t h e main t e x t d e a l i n g 
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NAnE_OF_EXPLOSIVE DATE OF PATENT BRITISH PATENT NUMBER 
DAUIES' POWDER 3 0 t h March 1860 824 
jJOTES_& COMMENTS 
The f o l l o w i n g i n f o r m a t i o n about the above was g i v e n i n the j o u r n a l . 
The E n g i n e e r , f o r 1 2 t h October 1860, 
"824, D. Davies and G. Payne, T r u r o "Gunpowder = Dated 3 0 t h March 1860„" 
" T h i s i n v e n t i o n r e l a t e s t o t h e manufacture of a w h i t e 
gunpowder by t h e use and m i x i n g t o g e t h e r of c e r t a i n i n g r e d i e n t s 
i n p r o p o r t i o n s which the p a t e n t e e s have fo u n d t o answer w e l l i n 
practice„ They use t h e f o l l o w i n g m a t e r i a l s i n the p r o p o r t i o n s 
a t t a c h e d t o each r e s p e c t i v e l y , v i s , y e l l o w p r u s s i a t e of po t a s s i u m , 
$ l b 0 (113 grams), c h l o r i d e of po t a s s i u m , ^ l b , (226 grams) l o a f 
s u g a r , 2 oz (56 grams), c r y s t a l l i s e d s u gar, 2 oz, (56 grams), and 
b r i m s t o n e , 1 o z 0 (28 grams),, These m a t e r i a l s , w h e n f i n e l y pounded 
and mixed t o g e t h e r , produce a w h i t e gunpowder which has many 
advantages over t h e gunpowder a t p r e s e n t i n use, i t being q u i c k e r 
and more p o w e r f u l i n i t s a c t i o n , . . " 
T h i s powder i s noted i n C u n d i l l ' s d i c t i o n a r y . 
The m i s p r i n t i n g , m i s - s p e l l i n g , or s i m p l e m i s t a k i n g of one ch e m i c a l 
name f o r a n o t h e r o c c u r s q u i t e r e g u l a r l y i n t h e l i t e r a t u r e . I n the 
above c l e a r l y c h l o r a t e ^ not c h l o r i d e ^ was i n t e n d e d . 
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NAME OF EXPLOSIVE DATE OF PATENT BRITISH PATENT NUMBER 
HARRISON'S POWDERS 2 9 t h October 1860 2,642 
NOTES & COMMENTS 
C u n d i l l g i v e s t he f o l o w i n g f o r m u l a f o r t h i s powder; 
" C h l o r a t e of Potash, 7 parts;; s t a r c h , 1 p a r t s 
c h a r c o a l , 1 p a r t , s u l p h u r , 1 p a r t ? clubmoss ( l y c o p o d i u m 
c l a v a t u m ) ; and ( a l t e r n a t i v e l y ) c o a l , 1 p a r t , o r , s o o t f r o m 
c o a l , \ p a r t e " 
-x 
Lycopodium powder i s the c o l l e c t e d spores of clubmoss 0 I t i s i n t h e 
for m o f a y e l l o w powder, much l i k e powdered r e s i n , and i t i s i n f l a m m a b l e 0 
See H a r r i s o n ' s 1861 p a t e n t 
-343-
NAME OF EXPLOSIVE DATE OF PATENT BRITISH PATENT NUMBER 
HARRISON'S POWDERS 6 t h September 1861 
(And) 
5 t h February 1862 
2,233 
305 
NOTES & COMMENTS 
U n l i k e H a r r i s o n ' s 1860 p a t e n t (No.,2,642), t h e above were 
e s s e n t i a l l y ' w h i t e ' gunpowders<, C u n d i l l g i v e s t h e f o l l o w i n g f o r m u l a ; 
" C h l o r a t e of p o t a s h , 56 p a r t s ? f e r r o c y a n i d e of p o t a s h , 
28 p a r t s ? s t a r c h , 4 p a r t s ; s u l p h u r , 7 p a r t s ? c h a r c o a l , 5 
p a r t s ? a l t e r n a t i v e i n g r e d i e n t s , c a n n e l , o r , c o a l , or s a l t p e t r e . 
-344= 
NAME OF POWDER DAK OF^PATE NT BRITISH PATENT NUMBER 
KELLOW'S POWDER 1 7 t h Dune 1862 1,796 
C u n d i l l c l a s s i f i e s t h i s powder as a c h l o r a t e e x p l o s i v e = 
p r o b a b l y because i t was so c l a s s i f i e d under t h e E x p l o s i v e s Act„ 
However, s i n c e the f o r m u l a c o n t a i n s a very much g r e a t e r p r o p o r t i o n 
of p o t a s s i u m n i t r a t e , i t w i l l be t r e a t e d i n t h e s e c t i o n of t h e p r e s e n t 
work which d e a l s w i t h n i t r a t e e x p l o s i v e s o t h e r than gunpowder» 
-345. 
NAMES OF EXPLOSIVE _DAjrE__QF_ PATENT BRITISH PATENT NUMBER 
RICKER'S POWDERS 9 t h DecBmber 1862 3,297 
Pr qb a b l y _a_l i a j3 and _an_d 
S P E " N C T ' S "POWDER 1 0 t h A p r i l 1863 " 949 
NOTES & COMMENTS 
I n C u n d i l l ' s d i c t i o n a r y t h e r e f e r e n c e SPENCE g i v e s s i m p l y the 
d i r e c t i o n s see R I C K E R o The heading RICKER g i v e s t h e f o l l o w i n g ; 
" R i c k e r ' s Powders ( n o t e t h e p l u r a l i t y ) c o n s i s t o f t e n 
v a r i e t i e s o f c h l o a r a t e m i x t u r e c o n t a i n i n g a number of substances 
i n a d d i t i o n t o the c h l o r a t e o f p o t a s h , such as c h a r c o a l , h a l f 
c a l c i n e d s e a - g r a s s , powdered c o a l , sawdust, n i t r a t e s of soda, l e a d , 
or p o t a s h , wheat f l o u r , b i c a r b o n a t e , powdered bark and d r i e d c o f f e e 
grounds. The i n g r e d i e n t s are a l l b o i l e d t o g e t h e r i n w a t e r . " 
A paragraph i n t h e 'Patents Received' s e c t i o n of The Engineer f o r 
10th A p r i l 1863 g i v e s t h e f o l l o w i n g ; 
"Wo Spence, Chancery Lane, London, 'Manufacture of 
Gunpowder', - A communication. - dated 1 5 t h A p r i l 1863 0 
The f i r s t k i n d of powder made a c c o r d i n g t o t h i s i n v e n t i o n 9 
and which i s s u i t a b l e f o r ordnance, i s composed o f the f o l l o w i n g 
i n g r e d i e n t s , i n about t h e f o l l o w i n g p r o p o r t i o n s , and the process 
i s as f o l l o w s s = The p a t e n t e e p u t s i n t o a c o o k i n g or o t h e r s i m i l a r 
v e s s e l t h i r t y e i g h t p a r t s i n w e i g h t of w a t e r , and two p a r t s i n 
w e i g h t of f i n e l y p u l v e r i s e d c h a r c o a l , which are t o be t h o r o u g h l y 
b o i l e d t o g e t h e r ? he th e n adds twenty p a r t s i n w e i g h t of c h l o r a t e of 
p o t a s h , and s i x p a r t s i n w e i g h t of a m i x t u r e ( h e r e i n a f t e r t o be 
r e f e r r e d t o as the m i x t u r e A_) and s t i r s i t u n t i l the whole i s 
t h o r o u g h l y mixed. By t h i s a d d i t i o n t h e b o i l i n g i s i n t e r r u p t e d , 
and, t h e r e f o r e t h e whole m i x t u r e must be br o u g h t a g a i n i n t o a 
b o i l i n g s t a t e , , A f t e r t h i s t h e r e i s added seven p a r t s i n w e i g h t 
of f i n e , s e l l - s i f t e d , and t h o r o u g h l y d r i e d sawdust or pulverised 
b a r k , and the b o i l i n g i s c o n t i n u e d u n t i l the wood i s t h o r o u g h l y 
s a t u r a t e d , and becomes p a r t o f the mixture„ The m i x t u r e A_ 
r e f e r r e d t o above c o n s i s t s o f two p a r t s i n w e i g h t of f i n e l y 
p u l v e r i s e d c o a l and f r o m t h r e e t o f o u r p a r t s o f b i c a r b o n a t e o f 
soda, or n i t r a t e of l e a d or s a l t p e t r e , o r t h e i r c h e m i c a l 
-346= 
equivalents*, The r e q u i s i t e evaporation or drying of the mixture 
may be e f f e c t e d by means of open pans to which steam i s applied^ 
and the g r a n u l a t i n g process i s the same as usual." 
(From the address given f o r the above patent i t i s very l i k e l y 
t h a t the SPENCE of the s p e c i f i c a t i o n was a patent agent a c t i n g f o r 
RICKERo Chancery Lane occurs o f t e n i n the j o u r n a l s as the address of 
persons t a k i n g out patents,, 
Ricker was from a l l appearances a determined e c c e n t r i c The_ 
Engineer f o r 10th Duly 1863 c a r r i e s i n i t s 'Patents Received' se c t i o n 
a s p e c i f i c a t i o n ( 4 9 7 ) submitted by a Fir. FLFo Benton of Percy S t r e e t , 
Bedford Square, London, which i s s i m i l a r to the one given abooe i n so 
many respects t h a t i t i s hard not to conclude t h a t i t was not one of 
Ricker's essays 0 The submission i s , however, marked Not proceeded witho 
-347= 
NAME OF POWDER DATE. OF PATENT BRITISH PATENT NUMBER 
HOCHSftfTTER'S COMPOUND 17th December 1862 2,233 
NOTES & COMMENTS 
C u n d i l l gives the f o l l o w i n g i n f o r m a t i o n ; 
"Hochsta°tter's Compound consists of a mixture of chl o r a t e 
of potash or of lead, n i t r a t e of potash or of soda, and charcoal 
or sulphur, or a m e t a l l i c sulphide,. The mixture i s dissolved i n 
water, i n which paper or vegetable matters are steeped so as to 
render them explosive,," 
The discussion which followed the presentation of Abel's 1872 
papers "Explosive Agents applied to I n d u s t r i a l Purposes^" contained 
the f o l l o w i n g passing reference to Hochstatter's inventions 
"A few of comparatively safe character had been produced 
as b l a s t i n g agents, and to some extent useds. among these were 
ooo and also a m a t e r i a l obtained by the s a t u r a t i o n and coating 
of bibulous paper w i t h a mixture of chl o r a t e of potash, charcoal, 
and other o x i d i s a b l e substances, f i r s t devised by Hochstatter f o r 
use i n small arms, and r e c e n t l y proposed by Reichem f o r b l a s t i n g 
purposeso" 
Proceedings of the I n s t i t u t i o n of 
C i v i l Engineers, Session 1872-73, 
Part I , Uol„XXXU (p„l)<, 
=348= 
NAME OF EXPL05IUE DATE OF PATENT BRITISH PATENT NUMBER 
HALL'S POWDER 28th A p r i l 1863 1,062 
NOTES & COMMENTS 
The f o l l o w i n g i n f o r m a t i o n about the above was given i n the 
j o u r n a l . The Engineer, f o r 11th December 1863„ 
"This i n v e n t i o n consists i n producing an explosive compound 
f o r general purposes of the f o l l o w i n g i n g r e d i e n t s , the same being 
s l i g h t l y modified according to requirements = say, i n the p r o p o r t i o n 
of 10D; = The patentees take 47 parts of c h l o r i d e of potassa, 38 
parts of ferrocyanide of potassium, together w i t h about 5 parts of 
sulphur, or other chemical, such as r e f i n e d sugar, which they have 
found t o be pref e r a b l e from two causes - f i r s t , i t i s less detonating 
or l i a b l e to explode from mere f r i c t i o n ; and, secondly, more 
p e r f e c t l y explosive, leaving no deposite or fouling<> They reduce 
these i n g r e d i e n t s separately to a powder by g r i n d i n g i n a s u i t a b l e 
m i l l or otherwise, and when the i n g r e d i e n t s are properly ground, 
they are to be thoroughly mixed, adding water, or n i t r i c acid d i l u t e d 
w i t h water, which increases the s t r e n g t h , imparting to the compound 
a bluish-green colour, and i s r e a d i l y taken up and incorporated w i t h 
the other i n g r e d i e n t s , to permit the whole to be formed i n t o a s t i f f 
paste:; afterwards t h ^ allow the composition thus prepared to stand, 
a l l o w i n g the water to evaporate, and then they add 10 parts of 
caoutchouc , s l i g h t l y incorporated w i t h bisulphide of carbon, which 
has the e f f e c t of destroying any im p u r i t y i n the general compound, oo 
th a t there s h a l l be less residue a f t e r the explosion,, These 
i n g r e d i e n t s should be thoroughly mixed one w i t h the other, and i f t o 
be used i n the form of powder must be pressed and then granulated § 
f i n e or coarse, as p r e f e r r e d , or according to the purpose f o r which 
they may be required to be used 0" 
"Raw 'India Rubber" c h l o r a t e 
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MAHE DF EXPLOSIVE DATE OF PATENT BRITISH PATENT NUMBER 
EHRHARDT5S POWDERS 8th Duly 1864 1,694 
(And) 
20th October 1864 
(And) 
13th Feburary 1865 
2,594 
402 
NOTES & COnRjINTS 
I n modern parlance Ehrhardt's powders would be described as a 
'systems' explosive! the composition was varied to produce an explosive 
f o r many d i f f e r i n g uses; a r t i l l e r y , b l a s t i n g , s h e l l s 0 A t y p i c a l formula 
i n C u n d i l l f o r one of Ehrhardtfs b l a s t i n g chlorate powders i s chlorate of 
potash, one p a r t ; s a l t p e t r e , one part§ charcoal, four p a r t s ; tannic 
a c i d , two p a r t S o 
T h e ' s i m i l a r i t y between the powders patented by Ehrhardt and those 
patented by J0 Horsley i s noted 0 The Engineer f o r 11th February 1869 
(The a r t i c l e ; On Explosive, Compounds f o r Engineering Purposes by Rr 0 
Perry F 0 Nursey) contains the f o l l o w i n g sentence; 
which i s also claimed by Mro Horsley,," 
Ehrhardt may have taken out his patent f o r an improved gunpowder 
to counteract Horsley's c l a i m 0 The Engineer f o r 8th September 1865 
gives the f o l l o w i n g i n i t s 'Patents Received' sections 
"402o LoHoC EHRHARDT, Richmond Road, Bayswater, 'Improved 
Gunpowder' = dated 13th Feburary 1865„ 
The patentee claims the use of t a n n i n , or such substances as 
•si-c o ntain t h i s m a t e r i a l i n l a rge p r o p o r t i o n s , such as catehecu and 
gunT kino, a r t i f i c i a l t a n n i n , c o a l , or other d e s c r i p t i o n of 
minera l , carbon, wood charcoal, or other vegetable carbon,, He 
claims the use of any one or more of the above i n g r e d i e n t s i n 
combination w i t h e i t h e r c h l o r a t e of potash, or other f u s i b l e 
c h l o r a t e s , or n i t r a t e of potash, s i n g l y or i n combination, a i n and 
f o r the manufacture of gunpowdero" 
Both catechu ahd gum kino were used as tanning agents,, Wagner's 
Chemical Technology 8thoEdn„1870 (Tr„ Wo Crookes F 0R 0S 0) devotes 
some space to a consideration of such tanni n - c o n t a i n i n g substances,, 
"Of t h i s class i s Ehrhardt's powder, the i n v e n t i o n of 
=350 
.DALE OF PATENT BRITISH PATENT IMURBER 
26th Duly 1865 1,939 
C u n d i l l gives the f o l l o w i n g formula f o r t h i s powder which was 
designed to be used f o r b l a s t i n g and, wi t h an increase i n the potassium 
s a l t s i n c l u d e d , as an ordnance powder. 
"Yellow prussiate of potash 1„5 
Bichromate of potash 2 o0 
Perchlorate of c h l o r a t e of potash 10 o5 
N i t r a t e of Soda and Potash 44„5 
Vegetable matter 6 05 
Mineral and Vegetable carbon 19 05 
Sulphur 15.5 
Again i t i s observed t h a t C u n d i l l c l a s s i f i e d any powders con= 
t a i n i n g a small percentage of the chl o r a t e of potassium as a chl o r a t e 
explosive because they were so c l a s s i f i e d by the Explosives Act of 1875, 
A l l explosives con t a i n i n g c h l o r a t e were r i g h t l y regarded as being 
s u f f i c i e n t l y dangerous to warrant the s p e c i a l c l a s s i f i c a t i o n , , 
NISSER'S POWDER 
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NAME.J3FJIXPL0SIUE DATE DF PATENT BRITISH PATENT NUMBER 
SHARP'S POWDER 27th October 1866 2779 
NOT£S_& COMMENTS 
Cu n d i l l gives the formulas 
"Chlorate of potash, 2 p a r t s ; s a l t p e t r e , 2 parts? 
yellow prussiate of potash, 1 part?, potash , 1 p a r t ; 
sulphur, 2 parts,," 
No other i n f o r m a t i o n i s available,, 
"Potash' generally can be taken to mean potassium carbonate derived 
from wood-ashes when used i n nineteenth century chemical technology 
texts,, 
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NAME OF POWDER DATE OF PATENT BRITISH PATENT NUMBER 
HAHN'S POWDER 30th March 1867 960 
NOTES & COMMENTS 
C u n d i l l gives the formula; 
"Chlorate of potash, 367 05 parts? T e r s u l p h i d e of antimony, 
•ss-
168 03 p a r t s ; spermaceti, 46 parts? charcoal, 18 p a r t s 0 " 
He also comments; 
"The idea i s to add the chl o r a t e of potash only when 
required f o r use, the mixing being done by sieves,. The a d d i t i o n 
of spermaceti i s claimed to give safety against explosion by f r i c t i o n 0 " 
Spermaceti i s the white s o l i d wax~like substance taken from the head 
of the Sperm-whale,, I t was much used f o r good q u a l i t y candles during 
the l a s t c e n t u r y 0 
353. 
NAME OF POUJDER DATE OF PATENT BRITISH PATENT NUMBER 
PERTUISET'S POUJDER 9th October 1867 2,837 
(And) 
21st Duly 1870 2 9066 
NOTES & COMMENTS 
Per t u i s e t ' s powder i s c l a s s i f i e d here as a ch l o r a t e gunpowder! 
but i t i s observed t h a t the content of carbon was so small t h a t the 
compound should r e a l l y be considered as a simple two=to—one mixture of 
ch l o r a t e and sulphuro C u n d i l l gives the f o l l o w i n g formulas 
"Potasr.ium c h l o r a t e , 2 parts? sulphur, 1 parts, 
s p o r t i n g gunpowder, l / 8 t h p a r t ! animal charcoal, l/50th p a r t o " 
Of i t s e l f , P e r t u i s e t ' s powder was not novel, nor could i t be said 
to have been p a r t i c u l a r l y successful i n any t e c h n i c a l sense? but 
i n c i d e n t a l l y to the development of explosives i t d i d have a small but 
s i g n i f i c i c a n t e f f e c t upon the course of the p o l i t i c a l h i s t o r y of the times„ 
Very considerable anti-French sentiment was aroused i n England 
s h o r t l y before the outbreak of the Franco=Prussian War by newspaper 
re p o r t s of a hideous experiment i n which l i v e cavalry horses — some 
hundreds a t a time, i n close tethered masses — had been used as t a r g e t s 
f o r r a p i d mitra1 l i e use f i r e using explosive bullets,, P e r t u i s e t ' s Powder 
was the f i l l i n g used i n these explosive b u l l e t s 0 Engineering f o r 27th 
October 1871 devotes a few n e u t r a l l y o b j e c t i v e column inches to the 
e f f e c t s of P e r t u i s e t ' s powder i n b u l l e t s s 
" o o o the s h a t t e r i n g e f f e c t s were f u l l y developed upon the 
s k u l l s , r i b s and legs of the unfortunate t a r g e t s . The r e s u l t s 
were communicated to the English Government, but we believe t h a t 
they refused to recognise the material 0<> 0" 
FoAo Abel gives a b r i e f mention of Pe r t u i s e t ' s power i n explosive 
-354-
b u l l e t s i n h i s 1871 paper; 
"By converting the mixture i n t o a paste and then drying 
i t , hard masses of the explosive agent can be produced, which are 
made to f i t s h e l l s of lead, and afterwards completely enclosed i n 
the metal by the operation of 'spinning'„ 
Professor Abel on Explosive Agents<> 
On Recent I n v e s t i g a t i o n s and A p p l i c a t i o n s of Explosive Agents 
by F o A 0 Abel, F „ R o S 0 Chemical News, 15th September 1871 ( p 0 1 2 6 ) 0 
-355= 
NAME.J3F EXPLOSIVE DATE OF PATENT BRITISH PATENT NUMBER 
HORSLEYSS POWDER 19th A p r i l 1869 1,193 
(And) 
22nd Dune 1872 1,885 
See main t e x t 
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NAME OF POWDER DATE OF PATENT BRITISH PATENT NUMBER 
ROGERS' COMPOSITION 12th A p r i l 1870 1,356 
NOTES & COMMENTS 
Cundi.ll gives the formulas 
"Chlorate of potash, 5 parts? c a s c a r i l l a bark, 2 parts? 
corondum, 3 parts? In d i a rubber s o l u t i o n , 3 parts,," 
He also comments s 
corondum, or other non-inflammable i n g r e d i e n t , i s t o r e t a r d 
and regulate the burning,, The compound was to be dipped i n 
bisulphide of carbon, benzine, or other s o l v e n t , to mix it„ 
The solvent was then evaporated, and the mass was ready f o r 
making c o i l s or strands,," 
C a s c a r i l l i a bark was a pharmaceutical substances a source of 
the purgative croton„ 
i i f o r making b l a s t i n g f u z e s 0 The object of the o o o 
-357. 




NOTES & COMMENTS 
Cu n d i l l gives the f o l l o w i n g formula f o r t h i s powder; 
" S a l t p e t r e , 60 parts? sulphur, 12 parts ( a l t e r n a t i v e l y 
sulphur 8 parts w i t h 3 parts of gumlac)? charcoal, 6 parts? 
n i t r a t e of baryta, 3 parts? n i t r a t e of soda, 3 parts? sawdust, 
5 parts? spent tan, 3 p a r t s . " 
He also supplies the f o l l o w i n g i n f o r m a t i o n ; 
"The n i t r a t e s of soda and baryta are dissolved i n hot water 
and the tan and sawdust added to the s o l u t i o n and b o i l e d u n t i l d r y 0 
The other i n g r e d i e n t s are then added,and the whole mixed together,. 
The compound oiaims to be slow burning, and to give but l i t t l e smoke„ 
The manufacture of t h i s explosive was c a r r i e d on at a 
fa c t o r y near L l a n g o l l e n , but was abandoned a few years ago 0" 
Mr. R.S. France, a quarry p r o p r i e t o r , c o n t r i b u t e d a few remarks of 
commendation about the explosive t o the discussion which followed upon 
the reading of F.A. Abel's 1872 paper "Explosive Agents applied to 
I n d u s t r i a l Purposes" which was read before the I n s t i t u t i o n of C i v i l Engineers. 
"There was one other explosive he had been using f o r the 
l a s t month, c a l l e d 'pudrolythe' 0 I t was a simple=>laoking substance, 
but i t was a remarkably good explosive, b e t t e r than gunpowder, 
gun-cotton, dynamite, or l i t h o = f r a c t e u r , or any other explosive he 
had used, under c e r t a i n circumstances? but those circumstances were 
so e x c e p t i o n a l , th± i t was d i f f i c u l t to use i t to any great extent. 
I f a hole, p e r f e c t l y t i g h t , and sunk i n very hard rock, could be 
ensured, w i t h no chance of any of the m a t e r i a l escaping, then 
pudrolythe was the safest and best explosive, because i t had not 
the tendency t h a t gun-cotton and n i t r o = g l y c e r i n e possessed of 
s h a t t e r i n g p a r t i c u l a r classes of stone." 
DATE OF PATENT BRITISH PATENT NUMBER 
2nd March 1872 656 
=358= 
And again$ t h i s time i n a c o n t r i b u t i o n by a T0 Mason, i n the 
same discussion., 
" 0 0 ° a b r i e f h i s t o r y of the manufacture and use of a new 
explosive c a l l e d ! pudroly the' „ The advantages claimed f o r i t 
were, t h a t i t was safe when surrounded by the atmosphere, and, 
unless t i g h t l y tamped, would not explodes t h a t i t was con= 
si d e r a b l y cheaper and one t h i r d more powerful than gunpowder, and 
t h a t the system of manufacture was easy? and t h a t there was, 
comparatively, an absence of smoke on explosion? t h a t water would 
not s p o i l i t = f o r when d r i e d on a hot p l a t e , i t was j u s t as good 
as i t was previous to being wetted? and t h a t no d e l e t e r i o u s gases 
were emitted by the explosion„ He wasuconfirmed i n these s t a t e -
ments, by c e r t i f i c a t e s from d i s t i n g u i s h e d Belgian chemists and 
engineers, and i n Belgium there was no h e s i t a t i o n on the pa r t of 
rai l w a y managers to i t s t r a n s p o r t as ordinary t r a f f i c 0 I t had 
received the approval of Fir. Hayward of Carnarvon, where the 
dynamite explosion had taken place, who stated t h a t he considered 
pudrolythe was the best explosive yet introduced*, Plr0 Mason had 
witnessed numerous experiments w i t h i t by Mr,, George Farren, Assoc. 
I n s t 0 C 0E 0, the maregar of the Welsh Granite Company, the r e s u l t s of 
which he submitted to the Meeting,, Understanding t h a t the powder 
he had f i r s t received had been made some time ago, he thought i t 
might possibly r e q u i r e keeping t o improve with age, and w i t h the 
view of t e s t i n g t h i s question he arranged i t i n four d i s t i n c t 
p a r c e l s , f o r experiment, on d i f f e r e n t kinds of rocks, at Lord 
Pcnrhyn's q u a r r i e s , and he found t h a t w i t h i n f i f t e e n minutes a f t e r 
mixing the compound i t exploded a charge 0 o o I t was used i n the 
same way as ordinary b l a s t i n g powder, and the charge was rammed 
down w i t h an i r o n bar, as pudrolythe would not explode by f i r e from 
f l i n t and s t e e l , nor by concussion,, I t might be struck on an 
a n v i l without exploding,, As compared w i t h ordinary b l a s t i n g 
powder, only two=thirds the q u a n t i t y of pudrolythe would be 
required,, „ „" 
F 0 A 0 Abel himself observed t h a t ; 
"Pudrolythe appeared to be an old acquaintance under a 
new name,, He had some years ago to r e p o r t upon a s i t e near 
Plymouth, where i t was proposed to manufacture a b l a s t i n g powder, 
=359= 
composed of spent tan mixed sndimpregnated w i t h n i t r a t e of potash 
and s p r i n k l e d with sulphur,, I t was comparatively harmless i f 
inflamed when exposed to the open a i r ^ but i n a good blast=hole 
was said to do very f a i r work,, This preparation, known as 
'Kellow's powder' was so f a r safe t o manufacture, t h a t the works 
were burnt down twice without explosion,. I t appeared to him 
t h a t pudrolythe was, i n p o i n t of f a c t , t h i s old m a t e r i a l revived 
under a new name, wi t h t h i s d i f f e r e n c e , t h a t a l i t t l e n i t r a t e of 
baryta and a l i t t l e sawdust and charcoal powder were added 0 He 
would suggest to powder-makers t h a t they might possibly make the 
old b l a s t i n g powder compete with pudrolythe, i f they were to use 
i m p e r f e c t l y burned charcoal, and e i t h e r to supply the powder 
i n g r e d i e n t s only roughly mixed, or to s e l l them separately, to 
be mixed as required,,,, „ He must say t h a t the statement t h a t 
pudrolythe evolved no d e l e t e r i o u s gases when exploded was to him 
s t a r t l i n g i n i t s o r i g i n a l i t y , , " 
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NAME OF POUJDER DATE OF PATENT BRITISH PATENT NUMBER 
FENTON'S POWDER 17th 1873 4,148 
There i s a m i s p r i n t i n Cu n d i l l ' s d i c t i o n a r y 
f o r t h i s e n t r y ; '22*, 
NOTES & COMMENTS 
Cu n d i l l gives the f o l l o w i n g informations 
"Fenton's powder consists of chlo r a t e of potash, sugar, 
and yellow p r u s s i a t e of potash i n the proportions of four to 
eig h t ounces (,2268 kg) of each of the l a t t e r i n g r e d i e n t s to 
sixte e n ounces § (,4536 kg) of damp chlorate,, The mixture i s 
made i n the form of a s t i f f dough, being dampened w i t h lime 
water, gum=water, or water. I t i s d r i e d i n an oven, cut up 
wi t h brass knives, and s i f t e d i n t o various sizes of gr a i n s . 
The powder can be coloured w i t h various c o l o u r i n g matters, 
which i t apparently proposed also to use i n l i e u of sugar. 
I t i s claimed as s u i t a b l e f o r a l l kinds of small-arms and 
ordnance and f o r b l a s t i n g purposes," 
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NAME OF E!XPLORIWE_ DATE OF PATENT BRITISH PATENT NUMBER 
SAFETY BLASTING POWDER 14th Nouember 1874 3,934 
(also known as) 
CARBO-AZOTINE 
C u n d i l l gives the f o l l o w i n g informations 
"Safety B l a s t i n g Powder i s licensed f o r manufacture i n t h i s country 
by Messrso Pigou, Wilks and Laurence (Ltd„)„ In the licence i t i s defined 
as a mechanical mixture of saltpetre, sulphur, lampblack, sawdust, and 
sulphate of iron„ In the s p e c i f i c a t i o n i t i s defined as c o n s i s t i n g ofs<= 
N i t r a t e of Potash 
" " Soda one, two, or 
.... three n i t r a t e s " " Lime 
50 to 64 parts 
Sulphur 13 to 16 parts 
Tanner's bark (That c o n t a i n i n g refuse 
animal matter i s pr e f e r r e d ) or 
14 to 16 parts 
Sawdust, or 
Bark and Sawdust 9 to 18 parts 
Soot or Lampblack, or both 
and 5 to 6 parts of sulphate of i r o n to every 100 parts of the above 
mixture,, 
The materials are ground and boi l e d i n a weak s o l u t i o n of sulphate 
of iron,. The compound becomes l i q u i d and then generally s o l i d i f i e s , , 
When nearly s o l i d i t i s dried,, 
This powder i s issued occasionally i n bulk, but more usually i n the 
form of compressed c a r t r i d g e s l i k e those made of gunpowder,. I t requires 
compression and confinement before i t w i l l explode,, 
I t i s recommended to be used as a wash, w i t h about 10 gallons 
(45„5 l i t r e s ) of water to 2 lbs„ (907 grams) of the compound as a 
remedy f o r phylloxera vastajtrix^ (?)<>" 
The Continental equivalent of Safety B l a s t i n g Powder was CAHUC's 
Powdero 
Oscar Guttman devotes some paragraphs to ' C',arboazxitine _o fRaymend 
JJahuc' i n his book The jlanufacture of Explosives^ Whiitaker & Co„ 9 
London 1895 ( V o i d , p„272~273)„ He gives i t as an example of 'a 
method long known to the T a r t e r s 0 5 The ing r e d i e n t s were mixed to a 
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p a s t s u i t h w ater and heated w h i l e b e i n g s t i r r e d continuously„ Of the 
p r o p e r t i e s -of S a f e t y B l a s t i n g Powder Guttman says; 
" T h i s powder has a v e r y slaw r a t e of c o m b u s t i o n , b u t 
develops l a r g e q u a n t i t i e s of g a s 0 I t has been used on a l a r g e 
s c a l e i n chamber mines f o r b l a s t i n g o p e r a t i o n s a t t h e I r o n Gates 
on t h e Danube,, I t s use i s advantageous i n c e r t a i n c o a l mines, 
because i t does n o t s h a t t e r t h e c o a l , " 
(Of powders made by the b o i l i n g p r o c e s s , Guttman comments t h a t 
t h e y a r e never p e r f e c t l y mixed because t h e s a l t p e t r e s e p a r a t e s o u t as 
l a r g e c r y s t a l s when the m i x t u r e i s c o o l e d ; t h e s u l p h u r a l s o s e p a r a t e s 
t o f o r m s m a l l nodules which s i n k t o the bottom o f t h e m i x i n g pan. Both 
of these occured even when s t i r r i n g was co n t i n u o u s ) , , 
Sm ENCLOSURE WALLST 
iwsibs, b a c k c w e £ 
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CONCLUSIONS 
The p r o g r e s s made i n a l l a s p e c t s of e x p l o s i v e s , s c i e n c e and 
t e c h n o l o g y 9 a f t e r 1845 was o n l y a s m a l l s e c t o r a l o n g a f r o n t o f advance 
i n t h e a p p l i e d s c i e n c e s g e n e r a l l y which was unprecedented f o r i t s 
speed and i t s e x t e n t . The making of e x p l o s i v e s i s a branch o f a p p l i e d 
c h e m i s t r y 0 What can => i n bhe round => be s a i d of a p p l i e d c h e m i s t r y 
can be s a i d of Explosives., However, what can be s a i d of a p p l i e d 
c h e m i s t r y has i n l a r g e measure a l r e a d y been s a i d elsewhere,, I t can 
o n l y be p r o f i t a b l e here t o t r y t o p o i n t o u t i n which p a r t i c u l a r s the 
h i s t o r y of e x p l o s i v e s d i f f e r s or d e v i a t e s m a t e r i a l l y from t h e main 
s t r e a m o f development i n o t h e r branches of a p p l i e d c h e m i s t r y and 
c h e m i c a l technology,, 
C o n t r i b u t i o n s t o the d i s c o v e r y o f new e x p l o s i v e s by B r i t i s h 
c h e m i s t s d u r i n g the n i n e t e e n t h c e n t u r y were n e g l i g i b l e , , A f t e r the 
work of CEo Howard a t t h e b e g i n n i n g o f the n i n e t e e n t h c e n t u r y , t h e r e 
a r e no B r i t i s h names i n the f o r e f r o n t of o r i g i n a l d i s c o v e r y and i n v e n t i o n 
i n t h e f i e l d of e x p l o s i v e s 0 B r i t i s h c h e m i c a l i n g e n u i t y i n , f o r example, 
dyes, was n o t p r e s e n t i n work on e x p l o s i v e s , , This i s a s t a t e m e n t o f 
f a c t , n o t a judgement; i n v e n t i o n and d i s c o v e r y are unique e v e n t s . I t 
was a t i m e when t h e r e were r a t h e r more e x c i t i n g avenues of c h e m i c a l 
r e s e a r c h opening up t h a n t h e r e were p r o p e r l y t r a i n e d c h e m i s t s t o e n t e r 
them= I n a sense i t c o u l d be s a i d t h a t the e x p l o s i v e s had t o compete 
f o r t h e a t t e n t i o n of the c h e m i s t s and d i d n o t do well„ 
The main B r i t i s h c o n t r i b u t i o n t o advances i n e x p l o s i v e s was i n 
t h e development of i n v e n t i o n s i n the r a i s i n g of f i n a n c e , the s e t t i n g 
up o f f a c t o r i e s and p l a n t , i n the r e f i n e m e n t o f p r o c e s s e s , and i n the 
p r o v i s i o n of u n d e r t a k i n g s which would use the f i n i s h e d p r o d u c t i n l a r g e 
q u a n t i t i e s , , 
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B r i t a i n may have been a b e t t e r p r o s p e c t f o r the s e t t i n g up of a 
c i v i l i a n f a c t o r y than o t h e r European c o u n t r i e s , , Between 1815 and 1880 
the c o u n t r y was o n l y i n one f u l l - b l o w n wars t h e Crimean War. I t was a 
t i m e of r e l a t i v e peace. I n Europe the e n m i t i e s of t h e e i g h t e e n t h 
c e n t u r y continued,, A p r o b a b l e course of a c t i o n f o r t h e i n v e n t o r of an 
e x p l o s i v e was t o seek s u p p o r t f r o m h i s own cou n t y ' s m i l i t a r y , f i r s t . 
Both Schonbein and Nobel had done t h i s . The second s t e p was t o ' c a r p e t -
bag' a c r o s s Europe t o s e c u r e , f i r s t of a l l , l o c a l l e g a l p r o t e c t i o n f o r 
the i n t / e n t i o n and s e c o n d l y , t o demonstrate the e x p l o s i v e t o government 
r e p r e s e n t a t i v e s . A m i l i t a r y a d o p t i o n u s u a l l y b r i n g s immediate f i n a n c i a l 
r e t u r n . An immediate f i n a n c i a l r e t u r n was d e s i r a b l e t o i n d i v i d u a l 
i n v e n t o r s because they would n a t u r a l l y wish t o r e t a i n c o n t r o l over t h e i r 
own i n v e n t i o n , , Again,Nobel and ScKonbein were t o e n t e r i n t o unhappy 
f i n a n c i a l arrangements. London was the c e n t r e o f a c o l o n i a l empire 
r a t h e r t h a n of the u s u a l European hegemonies. The B r i t i s h Empire was 
i n t he process of e x p l o i t i n g i t s overseas p o s s e s s i o n s . The main 
i n s t r u m e n t s of the e x p l o i t a t i o n were t h e r a i l w a y s and m i n i n g a c t i v i t y . 
Both were t o use g r e a t q u a n t i t i e s o f e x p l o s i v e s . 
When compared t o t h e e x t e n t o f the r e s t o f t h e B r i t i s h c h e m i c a l 
i n d u s t r y a t the middle of t h e n i n e t e e n t h c e n t u r y , or indeed as l a t e as 
1875, t h e e x p l o s i v e s i n d u s t r y as a whole was n o t l a r g e . I f t h e e x i s t i n g 
b l a c k gunpowder i n d u s t r y i s d i s c o u n t e d , i t may have been very s m a l l 
indeedo And y e t a t the same time i t must have been one o f the b i g g e s t , 
i f n o t t h e b i g g e s t , i n the w o r l d . 
Before? 1847 t h e r e were of course o n l y gunpowder m i l l s and some 
s m a l l p r e p a r a t i o n of mercury f u l m i n a t e a t the Royal L a b o r a t o r y a t 
Woolwich, and perhaps elsewhere t o s u p p l y the c i v i l i a n market f o r 
p e r c u s s i o n caps. 
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D u r i n g t h e year 1847 t h e r e was the s i n g l e s m a l l g u n ~ c o t t o n f a c t o r y 
o f Nessrso H a l l and Sons a t Faversham,, T h i s was as we have seen 
d e s t r o y e d i n t h e same year,, 
Between 1847 and about 1862 t h e r e was n o t , so f a r as can be shown, 
any c i v i l i a n m anufacture o f e x p l o s i v e s i n t h e c o u n t r y a t a l l , o t h e r t h a n 
of b l a c k gunpowdero 
When n i t r o g l y c e r i n e was b r o u g h t i n t o the c o u n t r y i t was i m p o r t e d 
f r o m Germany and Sweden,, P i c r i c a c i d was a m i l i t a r y e x p l o s i v e , , I t 
cannot be s a i d whether or n o t S a x i f r a g i n e was ever made i n t h e country,, 
When gun«cotton was a t l a s t t h o u g h t t o have been s t a b i l i s e d , i t 
was made a t Waltham Abbey f o r frie Government and a t t h e nearby Stowmarket 
f a c t o r y of Thomas P r e n t i c e and Sons 0 When a t l a s t dynamite was a l l o w e d 
t o be made, i t was produced o n l y a t the Ardeer f a c t o r y , , 
One p o s s i b l e cause of these l i m i t a t i o n s on the s c a l e of p r o d u c t i o n 
was the p r o v i s i o n s of 8 r i t i s h patent law. The i n v e n t o r was q u i t e r i g h t l y 
a l l o w e d the e x c l u s i v e enjoyment of the f r u i t s o f h i s i n g e n u i t y f o r a 
number of years a f t e r t h e g r a n t i n g o f h i s patent,, I f as a r e s u l t of 
th e i n v e n t o r n o t being a b l e t o f i n a n c e a s c a l e of p r o d u c t i o n which would 
a l l o w him t o s u p p l y , say, g u n = c o t t o n t o anyone who wished t o buy i t , t h e n 
t h a t was r e g r e t t a b l e ^ , I t was n o t a reason t o a l l o w someone e l s e t o b e g i n 
manufacture,, Where i n v e s t m e n t was alow, development was l i m i t e d , , To 
c i t e y e t a g a i n t h e e x p e r i e n c e s of both Schonbein and Nobel, t h e y both a t 
some time had t o s e t t l e f o r p o o r e r terms f o r the use of t h e i r i n v e n t i o n s 
t h a n t h e y might have done 0 
The f i r s t p u b l i c s t e p i n g e t t i n g s u p p o r t f o r a new e x p l o s i v e was t o 
st a g e a d e m o n s t r a t i o n s T h i s , as has been seen, took what had become a 
s e t f o r m 0 I t was r e q u i r e d t o have some s e t p i e c e s , u s u a l l y d e v i s e d t o 
emphasise t h e composition's s p e c i a l q u a l i t i e s , f i r e d o f f i n t h e presence of 
e x p e r t , i f n o t o v e r l y c r i t i c a l , and i n f l u e n t i a l w i t n e s s e s , and h o p e f u l l y 
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some p o t e n t i a l i n v e s t o r s . 
When f i n a n c i a l s u p p o r t had been f o u n d , i t was necessary t o b u i l d 
a f a c t o r y 0 The U n i t e d Kingdom was a t t h a t time p r o b a b l y the e a s i e s t 
c o u n t r y i n t h e w o r l d i n which t o b u i l d and e q u i p a f a c t o r y of any k i n d 9 
but i t was p a r t i c u l a r l y c o n v e n i e n t t o s e t up any k i n d o f c h e m i c a l p r o c e s s . 
E v e r y t h i n g which might be needed was t o hand because 'the c o u n t r y was a l r e a d y 
t h e l e a d e r i n o t h e r forms of c h e m i c a l m a n u f a c t u r e s . Power p l a n t , and 
machinery, m i l l - w r i g h t s and f i t t e r s , c o u l d a l l be had w i t h o u t h a v i n g t o 
pay f o r more t h a n l o c a l t r a n s p o r t . The g r e a t e s t advantage was t h a t 
a l m o s t e v e r y t h i n g c o u l d be had 'off=the=shelf'„ 
Before the l e g i s l a t i o n o f 1875 t h e s e t t i n g up of an e x p l o s i v e s 
f a c t o r y was l i k e l y t o be l i t t l e hampered by r e g u l a t i o n or l e g i s l a t i o n , , 
There were laws which c o n t r o l l e d the t r a n s p o r t and s t o r a g e of c e r t a i n 
e x p l o s i v e s and of p e t r o l , and i n t h e s p e c i a l case of n i t r o g l y c e r i n e t h e r e 
was an o u t r i g h t p r o h i b i t i o n , b u t t h e r e was l i t t l e c o n t r o l over premises. 
T h i s i s n o t t o say t h a t t h e owner of an e x p l o s i v e s f a c t o r y was n o t 
r e s p o n s i b l e f o r what happened as a r e s u l t of h i s a c t i v i t i e s , , The 
n i n e t e e n t h c e n t u r y was a g r e a t t i m e f o r c i v i l l i t i g a t i o n , , 
I n d u s t r i a l p l a n t used i n t h e manufacture o f e x p l o s i v e s ranged 
f r o m t h e most p r i m i t i v e t o t h e most advanced a v a i l a b l e . I t was p o s s i b l e 
La most cases t o b e g i n p r o d u c t i o n w i t h a minimum of equipment. The c o s t 
of s e t t i n g up any p l a n t o t h e r than a gunpowder m i l l must have been, 
r e l a t i v e l y s p e a k i n g , low when compared t o the c o s t of s e t t i n g up, say, a 
s m a l l l o c a l gasworks. 
H y d r a u l i c machinery was t o be i m p o r t a n t i n t h e making of gunpowder 
and; i n t h e compression of g u n = c o t t o n b l a s t i n g c a r t r i d g e s , 
Machinery appears not t o have had a l o n g w o r k i n g l i f e i n the 
e x p l o s i v e s i n d u s t r y . S e v e r a l reasons can be suggested t o account f o r 
t h i s . I t may be t h a t t h e r e was a need t o i n c r e a s e c a p a c i t y i n o r d e r t o 
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meet demand more o f t e n i n an expanding b u s i n e s s . I t may be t h a t 
c o n t i n u o u s w o r k i n g was the custom. This was the p r a c t i c e i n some 
gunpowder m i l l s . I t may be t h a t ever i n c r e a s i n g m e c h a n i s a t i o n was an 
a b s o l u t e n e c e s s i t y i n o r d e r t o m a i n t a i n c o m p e t i t i v e n e s s % n o t so much, 
i n t h o s e days, t o d i s p e n s e w i t h l a b o u r as t o have a c a p a c i t y t o f i l l a 
l a r g e o r d e r very q u i c k l y , , Or, c o n v e r s e l y , and i n t h e case of gunpowder 
making, an e f f i c i e n t w e l l c a p i t a l i s e d m i l l would be a b l e t o d r i v e l e s s 
e f f i c i e n t m i l l s out of t h e t r a d e under c o n d i t i o n s o f s l o w l y f a l l i n g demands 
Workpeople are accorded ver y l i t t l e n o t i c e or mention i n the 
l i t e r a t u r e , , The work was l a b o u r i n t e n s i v e t h r o u g h o u t a l l stages of 
m a n u f a c t u r e i n the e a r l y days but l a t e r , a f t e r about 1865, more machinery 
came i n t o use. The making and p a c k i n g phases of the processes remained 
l a b o u r i n t e n s i v e . No element of danger money or h a r d = l a y i n g a l l o w a n c e s 
appears t o have been p a i d . Compensation a f t e r e x p l o s i o n s i s sometimes 
mentioned, but i t was always on a v o l u n t a r y b a s i s . I n g e n e r a l , 
e x p l o s i v e s workers were not w e l l paid,, Nost e x p l o s i v e s f a c t o r i e s were 
l o c a t e d where t h e r e was l i t t l e i n the way of a l t e r n a t i v e employment 
e x c e p t f a r m i n g , which was a l s o i l l - p a i d and a l s o arduous,, I t i s hard 
t o say how much s p e c i a l i s a t i o n t h e r e was t h r o u g h o u t t h e p r o c e s s . Work 
regimes hav i n g r e g a r d t o s o b r i e t y and s a f e t y were o n l y o f f i c i a l l y 
e n f o r c e d a f t e r 1875 s 
The l i s t of names i n t h e h i s t o r y of B r i t i s h e x p l o s i v e s t e c h n o l o g y 
i s v e r y s h o r t . And those names which do appear a l s o occur and r e c u r 
e lsewhere i n c o n n e c t i o n w i t h a l l manner of e n t e r p r i s e s and r e s e a r c h e s . 
The reasons f o r t h i s phenomenon a r e s i m p l e enough. The years between 
1847 and 1875 were e a s i l y encompassed by the c a r e e r s o f a few men who 
had so much t o do w i t h p r o g r e s s i n e x p l o s i v e s . These men knew one 
a n o t h e r t h r o u g h t h e i r o o f t e n m u l t i p l e membership of i n s t i t u t e s and 
s o c i e t i e s . I t was s t i l l a t i m e when i t was p o s s i b l e f o r a man t o keep 
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h i m s e l f a b r e a s t of a l l t h a t was happening i n s e v e r a l branches of s c i e n c e 
or t e c h n o l o g y 0 O f t e n a s c i e n t i f i c i n t e r e s t was combined w i t h a c t u a l 
ownership,, The death o f two of Thomas P r e n t i c e ' s sons i n the Stowmarket 
e x p l o s i o n showed t h a t i n t h a t case a t l e a s t two of the f a m i l y were w o r k i n g 
i n t h e t e c h n i c a l management of the business,, There was a l s o an element 
of s t a t u s - m a r k i n g i n t h e r i g h t t o u t t e r papers,, Only p r i n c i p a l s c o u l d 
communicate 0 T h i s i s n o t unknown even t o d a y c An employee «even though 
he might be a 'gentleman' and a w e l l - e d u c a t e d p r o f e s s i o n a l i n h i s own 
r i g h t , would n o t be encouraged t o communicate - w i t h o u t l e a v e — the 
s e c r e t s of what would have been g e n e r a l l y h e l d t o be h i s employer's 
business,, I t s i m p l y was n o t h i s p l a c e t o do so. The owner o f a p a t e n t 
f o r a d o u b t f u l c h l o r a t e compositions, mixed i n h i s own back k i t c h e n , , c o u l d 
w r i t e and p u b l i s h what he p l e a s e d . 
I n t h i s m a t t e r the p o s i t i o n of A.F„ Abel i s remarkable,, As c h i e f 
c h e m i s t t o t h e War O f f i c e he was c l e a r l y a p u b l i c servant,, He was a l s o 
connected w i t h the c i v i l i a n manufacture of g u n = c o t t o n i n t h a t i t was h i s 
p a t e n t which was used f o r the Stowmarket process,, Abel appears t o have 
been a b l e t o have s u p p o r t e d a c o n s t r u c t i v e c o n f l i c t of i n t e r e s t i n a t 
l e a s t t h i s sphere of h i s work f o r many y e a r s 0 
The g r e a t e s t s i n g l e r e s p e c t i n which p r o g r e s s i n e x p l o s i v e s d i f f e r e d 
f r o m advances i n o t h e r and c l o s e l y r e l a t e d branches of a p p l i e d c h e m i s t r y 
d u r i n g t h e middle p a r t of t h e n i n e t e e n t h c e n t u r y was i n the pace of 
development,, Development f r o m i n v e n t i o n t o s a f e a p p l i c a t i o n was n o t a b l y 
i r r e g u l a r , , T h i s i n i t s t u r n may have i n f l u e n c e d the amount o f r e s e a r c h 
which was a t t r a c t e d t o e x p l o s i v e s g e n e r a l l y , , 
A m i s t a k e i n t h e m i x i n g o f a v a t of d y e s t u f f i s a t w o r s t a l o c a l 
tragedy,, A minute but u n c o n t r o l l e d c h e m i c a l r e a c t i o n i n a b a t c h of 
e x p l o s i v e s can, and d i d , l e a d t o enormous e f f e c t s upon p u b l i c confidences, 
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i n v e s t m e n t , and l e g i s l a t i o n , , The l o n g pauses i n the development o f both 
g u n - c o t t o n and n i t r o g l y c e r i n e came about because of such minute e r r o r s , 
I t was n o t t h a t t h e o r e t i c a l knowledge of c h e m i s t r y was d e f i c i e n t , . 
There was n o t always agreement about the a c t u a l causes of a c c i d e n t s , but 
the t r u e causes, as they were l a t e r c o n f i r m e d t o be, were among those 
s t r o n g l y s u s p e c t e d 0 
The o v e r a l l reason f o r t h e a c c i d e n t a l e x p l o s i o n s was, i t i s proposed, 
the contemporary a t t i t u d e t o and p e r c e p t i o n of c h e m i c a l p u r i t y 0 A 
s i m i l a r gap was e x p e r i e n c e d i n t h e a t t i t u d e which was a t the same p e r i o d 
d i s p l a y e d towards a s e p s i s i n medicine,, How c l e a n i s cdean? was a p p e a r i n g 
t o be s p o t l e s s the same t h i n g as b e i n g s t e r i l e ? Was a n e u t r a l r e a c t i o n f r o m 
a sample of g u n - c o t t o n an i n d i c a t i o n t h a t a hundredweight b a t c h was f r e e 
of a c i d ? E x p e r i e n c e suggests t h a t a man might know i n t e l l e c t u a l l y t h a t 
c e r t a i n dangers are i n h e r e n t i n an a c t i o n , but t h i s does n o t always p r e v e n t 
t h a t a c t i o n , , I n m i d - V i c t o r i a n t i m e s , i n England, and under t h e economic 
system p r e v a i l i n g t h e n , i t was v e r y much the case t h a t a man had a l i v i n g 
t o make 0 
But i n t h e s p e c i a l case o f e x p l o s i v e s t h e r e can be no a c c e p t a b l e 
f a i l u r e r a t e i n t h e q u a l i t y c o n t r o l ^ though i n p r a c t i c e t h e r e has t o be 
a f a i l u r e r a t e which i s accepted,, There cannot be many i n s t a n c e s i n t h e 
h i s t o r y o f t e c h n o l o g y where t h e want of what was a f t e r a l l a mechanical 
change i n p r o c e s s i n g had such l o n g l a s t i n g e f f e c t s , , 
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